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FOREWORD 
The biomedical  research  program has been e s t a b l i s h e d  t o  i n v e s t i g a t e  t h e  
major  phys i  01 og i  ca l  and psycho log ica l  problems encountered by man when he 
undertakes space f l  i ght .  The program seeks t o  o b t a i n  a  b e t t e r  d e f i n i  ti on 
o f  each problem, an understanding o f  i t s  u n d e r l y i n g  mechanism, and u l  t i- 
ma te l y  a  means o f  p reven t ion .  I n  pursu ing  these  goals  t h e  program a l s o  
i nc l udes  a major e f f o r t  t o  develop t he  research  t o o l s  and procedures i t  
needs where these a re  n o t  be ing  developed elsewhere. 
A f t e r  a lmost  twenty  years  o f  manned s p a c e f l i g h t  a c t i v i t i e s  and a f t e r  a  
much l onge r  p e r i o d  o f  space r e l a t e d  ground-based research, t h e  program 
now recognizes two c h a r a c t e r i s t i c s  o f  s p a c e f l i g h t  which a r e  t r u l y  unique 
t o  space. These a re  weight lessness i t s e l f  and one s p e c i f i c  form o f  r a d i -  
a t i o n .  A1 though o t h e r  environmental  f a c t o r s  a r e  c l e a r l y  e n t a i l e d ,  none so 
c l e a r l y  l i m i t s  man's a b i l i t y  t o  endure pro longed s p a c e f l i g h t .  I n  i t s  pres- 
e n t  stage o f  m a t u r i t y  much o f  t h e  research focuses on mechanisms u n d e r l y i n g  
the  b a s i c  responses o f  man and animals t o  weight lessness.  
The program c o n s i s t s  o f  n i n e  elements o r  RTOPs (Research and Technology 
Operat ing Plans).  E i g h t  o f  these  RTOPs a r e  r e f e r a b l e  t o  s p e c i f i c  physio- 
l o g i c a l  problems t h a t  have e i t h e r  been encountered i n  p rev ious  manned 
s p a c e f l i g h t  o r  which a r e  a n t i c i p a t e d  t o  occur  as s p a c e f l i g h t s  l a s t  l onge r ,  
t r a v e r s e  s teeper  o r b i t a l  i n c l i n a t i o n s ,  o r  a r e  o the rw i se  d i f f e r e n t  from 
prev ious miss ions.  The n i n t h  RTOP addresses problems t h a t  have n e i t h e r  
a r i s e n  n o r  can be reasonably  p r e d i c t e d  b u t  a r e  suspected on t h e  bas is  o f  
t h e o r e t i c a l  model s  , ground-based animal research, o r  f o r  o t h e r  reasons. 
The program's c u r r e n t  emphasis i s  d i r e c t e d  toward t h e  mot ion  s ickness 
problem because o f  i t s  re levance t o  Space S h u t t l e  opera t ions .  Increased 
awareness and understanding o f  t h e  r a d i a t i o n  hazard has r e s u l  t e d  i n  more 
eqphasis be ing  p laced  on t h e  b i o l o g i c a l  e f f e c t s  o f  h i g h  energy, h i gh  mass 
number p a r t i c u l a t e  r a d i a t i o n  and upon r a d i a t i o n  p r o t e c t i o n .  Cardiovascul  a r  
and musculoskel e ta1 s tud ies  a r e  pursued i n  r e c o g n i t i o n  o f  t h e  cons iderab le  
fundamental knowledge t h a t  must be acqu i red  i n  these areas before e f f e c t i v e  
countermeasures t o  t he  e f f e c t s  o f  r e p e t i t i v e  o r  long- te rm f l i g h t  can be 
devised. Major  new avenues o f  research w i l l  dea l  w i t h  t h e  psycho log ica l  
accompaniments of  s p a c e f l i g h t  and w i t h  mathematical  model 1  i n g  o f  phys io l o -  
g i  ca l  sys terns. 
Research i s  conducted i n  bo th  i n t r amura l  and ext ramura l  l a b o r a t o r i e s .  The 
i n t r amura l  l a b o r a t o r i e s  a r e  p r i m a r i l y  those a t  Ames Research Center and 
Johnson Space Center w i t h  some pe r i phe ra l  e f f o r t s  underway a t  Langley Re- 
search Center, Kennedy Space Center, and J e t  Propul  s i o n  Laboratory .  Ex t ra -  
mural work i s  pursued throughout  the  Un i ted  S ta tes  i n  u n i v e r s i t y ,  non-NASA 
government, and o c c a s i o n a l l y  i n d u s t r i a l  l a b o r a t o r i e s .  A l l  research i s  
managed by a center-based RTOP manager who r e p o r t s ,  i n  a  programmatic sense, 
t o  t h e  headquarters d i s c i p l  i n a r y  c h i e f .  
A1 1  research  undertaken w i t h i n  t h i s  program i s ,  by d e f i n i t i o n ,  ground- 
based. However, many o f  t h e  exper iments now s e l e c t e d  o r  be ing  cons idered 
f o r  f l i g h t  were conceived and n u r t u r e d  by t h i s  ground-based program. 
The program i s  i n t i m a t e l y  r e l a t e d  n o t  o n l y  t o  t h e  f l i g h t  program, b u t  t o  
t h e  programs o f  space b i o l o g y  and o p e r a t i o n a l  medic ine as w e l l .  
Th is  p u b l i c a t i o n  d e s c r i b i n g  t he  biomedical  research  program was prepared 
f o r  NASA by A l l  en Corpora t ion  o f  America, A1 exandr ia ,  V i r g i n i a ,  under 
c o n t r a c t  no. NASW-3439. 
PAUL C. RAMBAUT, Sc.D. 
Manager, Biomedical  Research 
Program 
Na t i ona l  Aeronau t i cs  and 
Space A d m i n i s t r a t i o n  
PREFACE 
The biomedical research program currently en ta i l s  95 projects in nine f ie lds  
of investigation. The goals, ac t iv i t i e s ,  achievements, and/or future plans 
of each project are  described in th i s  report. Thus, th i s  publication, the 
f i r s t  of i t s  kind in NASA's Life Sciences Division, presents a concise 
technical overview of the current research program. 
The principal investigator (PI)  for each project was requested t o  revise 
and update an abstract of that  project, written from previously obtained 
information. The dates on the upper right-hand corner of each page refer 
to the date of response; those descriptions dated January, June, or July 
1980 were neither revised nor updated. Returned abstracts  were further 
revised to include only the information essential for  describing the tech- 
nical aspects of projects,  the major thrust of the descriptions being 
recent achievements. 
The PI was also requested t o  submit pertinent graphic material and a l i s t  
of recent, significant pub1 ications resulting from the e f fo r t .  Unfortunately, 
some project descriptions lack graphic material. For the most part, th i s  i s  
due t o  the absence of a suitable i l lus t ra t ion  or photo. A t  most, three 
publications per project are  included. These were selected on the basis of 
relevance and re t r ievabi l i ty ;  publications ei ther  "submitted" or "in press" 
are  therefore excluded. 
I would l ike  to acknowledge and thank Dr. Paul C .  Rambaut for his invaluable 
and extensive editorial  and technical assistance. I would also l ike  t o  
thank Martha Granda, Lucille Kurtz, and Clare Coulter for cheerfully typing 
and retyping the tex t .  
CHUNG-HAE AHN 
Senior Research Scient is t  
Allen Corporation of America 
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INTRODUCTION 
Previous manned space f l  i ghts p rov ide  va l  uabl e  da ta  d e s c r i b i n g  some o f  t he  
more o v e r t  symptoms of ca rd iovascu la r  decond i t i on ing .  I n  f l i g h t ,  the  d i s -  
t r i b u t i o n  o f  i n t r a v a s c u l a r  f l u i d s  s h i f t s  toward t h e  upper p a r t  o f  t h e  body, 
caus ing t h e  t i s s u e s  o f  t he  head and neck t o  swe l l  and t he  volume o f  b lood  
handled by t h e  h e a r t  t o  inc rease .  The s h i f t  may r e s u l t  i n  an i n i t i a l  
en la rgen ing  of  t h e  h e a r t  t o  accommodate the  inc reased  load,  as supported 
by t h e  observed tendency toward lower  h e a r t  r a t e s  f o r  many o f  t h e  as t ronau ts  
i n  f l i g h t .  The decrease i n  c a l f - g i r t h  o r  l e g  volume may be due l a r g e l y  t o  
t h i s  s h i f t ,  p a r t i c u l a r l y  g iven t h e  ex t reme ly  r a p i d  recovery  i n  s i ze .  
Baroreceptors  i n  t h e  h e a r t  and neck, as w e l l  as o t h e r  volume c o n t r o l  
mechanisms, may compensate f o r  t h e  apparent i nc rease  i n  volume and pressure 
i n  t h e  upper reg ions  o f  t h e  body by t r i g g e r i n g  l osses  i n  b l ood  plasma and 
i n  r e d  c e l l  mass. These losses  a re  f u r t h e r  compl i ca ted  by changes i n  l e v e l s  
o f  b lood  e l e c t r o l y t e s  (Na, C l  , K)  and vasoac t i ve  hormones which may cause 
t he  s l i g h t  tendency toward abnormal rhythm and t i m i n g  o f  h e a r t  beats  i n  f l i g h t .  
Re tu rn ing  t o  Ea r th  reverses t h e  process i n i t i a t e d  by weight lessness.  The 
h e a r t  beats f a s t e r  i n  response t o  t h e  need t o  m a i n t a i n  ca rd iac  ou tpu t .  
Hea r t  s i z e  i s  decreased n o t i c e a b l y  (p robab ly  due t o  b l ood  volume l o s s ) ,  and 
i t s  e l e c t r i c a l  and mechanical a c t i v i t i e s  i n d i c a t e  depressed f unc t i on ,  e.g., 
a  l owe r  f i l l i n g  volume. Ce r ta i n  i n d i v i d u a l s  d i s p l a y  a  g rea te r  tendency t o  
a r ry thmias .  
O r t h o s t a t i c  to lerance* ,  as t e s t e d  by t i 1  t i n g  t h e  prone as t ronau t  toward a  
v e r t i c a l  p o s i t i o n ,  by LBNP*", and by c e n t r i f u g a t i o n ,  i s  an i n d i c a t o r  o f  
ca rd iovascu la r  f unc t i ons .  I t  i s  d im in ished  immediate ly  p o s t f l i g h t ,  compared 
t o  p r e f l  i ght  1  eve1 s .  The i nc rease  i n  h e a r t  r a t e  i s  much g rea te r ;  b lood  
pressure i s  lower;  and t h e  t e s t  i s  o f t e n  t e rm ina ted  e a r l y  because o f  impending 
syncope. Increase i n  l e g  volume d u r i n g  LBNP i s  s l i g h t l y  g rea te r  p o s t f l i g h t  
than p r e f l  i g h t .  
One o f  t h e  major  purposes o f  t h i s  RTOP i s  t o  e l u c i d a t e  t he  causal mechanisms 
f o r  a l l  these observed changes. Bedrest  and o t h e r  space analogs a r e  be ing  
used i n  ground-based exper iments t o  s tudy  a l t e r a t i o n s  i n  ca rd iac  response, 
b l ood  volume and composit ion, and autonomic neura l  response i n  humans and i n  
animal models. Technical  b a r r i e r s  encountered i n  t h e  process a re  addressed, 
whether i t  be i n  measuring t h e  changes o r  i n  i n d u c i n g  them. U l t i m a t e l y ,  
procedures and/or dev ices f o r  p reven t i ng  o r  m in im iz i ng  any impedance t o  f u l l  
f u n c t i o n a l  capac i t y  o f  f u t u r e  space t r a v e l e r s  w i l l  be developed. Current  
e f f o r t s  toward these ends a r e  descr ibed  i n  t h e  pages t h a t  f o l l o w .  
*Or thos ta t i c  to le rance i s  the a b i l i t y  t o  stand and func t i on  i n  an u p r i g h t  pos i t i on :  adapted mechanisms 
and anatomic s t ruc tu res  counter t he  hyd ros ta t i c  forces o f  g r a v i t y  on the card iovascu lar  system, thus 
prevent ing  the poo l i ng  o f  f l u i d s  t o  the lower ex t rem i t i es ,  which would induce syncope ( o r  f a i n t i n g ) .  
**The a p p l i c a t i o n  o f  lower body negat ive  pressure (LBNP) s h i f t s  f l u i d s  back toward t h e  legs  i n  prone 
humans i n  much the same way as g r a v i t a t i o n a l  Stress p u l l s  down f l u i d s  i n  s tand ing humans. I n  f l i g h t  
LBNP t e s t s  show a dramatic increase i n  l e g  volume and a  decrease i n  o r t h o s t a t i c  t o l e rance  s i m i l a r  t o  
the  changes observed imnedia te ly  p o s t f l i g h t .  The increase i n  l eg  volume immediately p o s t f l i g h t  i s  
no t  as dramatic as when induced by LBNP i n  f l i g h t ,  bu t  the  decrease i n  o r t h o s t a t i c  to le rance immediately 
p o s t f l i g h t  i s  q u i t e  comparable t o  t h a t  induced by LBNP i n  f l i g h t .  
Ult rasonic  Limb Volume System (ULVS). Top: Display and computer a r e  
shown with t r ansmi t t ing  and rece iv ing  c r y s t a l s .  Bottom: These 
t ransducers  a r e  a t tached  t o  t h e  mid-calf s ec t ion  o f  t h e  l e g .  
4 
199-20-11-01 AUG 1980 
FEASIBILITY AND EVALUATION STUDY OF LIMB VOLUME MEASURING SYSTEMS 
P. K. Bhagat ( U n i v e r s i t y  o f  Kentucky Col lege o f  Engineering) 
Research i n  the biomedical  f i e l d  invo lves  a con t i nua l  quest f o r  b e t t e r  
measurement devices. An u l t r a s o n i c  plethysmograph has been developed 
w i t h  t h e  need fo r  a b e t t e r  assessment o f  1  irnb diameter i n  mind. This 
u l t r a s o n i c  system uses a microprocessor which computes t h e  c ross-sec t iona l  
area from two chord leng ths  t h a t  a r e  measured independent ly.  The concept 
o f  us ing  u l t rasound was an outgrowth o f  the  successful  development o f  an 
inst rument  f o r  measuring l e f t  v e n t r i c u l a r  volume. 
Advantages o f  t h i s  approach i nc lude  h igh  accuracy, minimal i n t e r f e r e n c e  
t o  the  sub jec t  (be ing  non in t rus i ve  and a1 low ing  1 irnb movement), ease o f  
c a l i b r a t i o n  and s i m p l i c i t y  o f  use. The system i s  c u r r e n t l y  being tes ted  
f o r  use i n  a f l i g h t  experiment. 
PUBLICATIONS 
I. Bhagat, P. K., Laf fer ty ,  J. F., Bowman, D., and Kadaba, M. P. "An 
u l t r a s o n i c  p l  ethysmograph f o r  spacef l  i ght appl i c a t i o n s  . I' AVIAT SPACE 
ENVIRON MED 51(2) :185-188, 1980. 
Johnson 
SEP 1980 199-20-11-02 I i 
I N - H O U S E  S U P P O R T  O F  NASA-  JSC P H Y S I O L O G E  CAL P E R F O R M A N C E  LABORATORY 
P .  C.  Johnson (NASA-JSC) 
The JSC Physiological Performance Laboratory performs research tasks 
tha t  contribute to an understanding of the human cardiovascular system 
and associated physiological systems ( e .  g . ,  1 ungs, central nervous 
system, kidneys) that  may be affected by circulatory s t resses  during 
spaceflight. Astronauts and astronaut candidates are tested for cardiac 
and pulmonary performance, as we1 1 as for  fat-to-muscle-mass re1 a tionshi ps. 
Marathon runners are  tested for  comparison with returned astronauts. 
In addition to providing research support, the laboratory also t e s t s  
systems to be used in f l i gh t  experiments. Laboratory studies include 
the use of LBNP,  bicycle, treadmill ergometry, and other pertinent 
s t ress  procedures. Emphasis i s  placed on the development and verifica- 
tion of noninvasive and minimal ly invasi ve techniques . 
A device currently being tested i s  useful in coronary care units or  in 
mission control . I t  automatically records, s tores ,  and analyzes aberrant 
heart cycles. By providing a nearly automatic way to  analyze and a l e r t  
the mission surgeon of potentially dangerous cycles, i t  eliminates the 
need for constant visual surveil 1 ance. 
Also being tested i s  an ul trasohnd device which accurately measures 
diameter changes and will be used to measure crewmembers' ca l f  sizes both 
in f l i gh t  and postfl ight.  These measurements will f a c i l i t a t e  the local i -  
zation and understanding of i  n-fl ight f luid sh i f t s  . 
PUBLI CAT1 ONS 
None 
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NEUROCIRCULATORY CONTROL MECHANISMS: ROLE OF CARDIOPULMONARY BARORECEPTORS 
F. M. Abboud ( U n i v e r s i t y  o f  Iowa Col lege o f  Medic ine)  
The purpose o f  t h i s  p r o j e c t  i s  t o  examine the  r o l e  o f  cardiopulmonary 
baroreceptors  i n  rena l  c o n t r o l  i n  humans. Such n e u r o c i r c u l a t o r y  c o n t r o l  
mechanisms may be deranged i n  space and upon r e t u r n  t o  Ear th .  
S tud ies  i n  humans revea led  t h a t  t h e  cardiopulmonary baroreceptors  e x e r t  
a  ma jo r  i n f l u e n c e  on forearm vascu la r  res is tance ,  w h i l e  t h e  c a r o t i d  baro- 
r ecep to rs  g r e a t l y  a f f e c t  t h e  sp lanchn ic  v a s o c o n s t r i c t i o n  response and 
quickened h e a r t  r a t e  observed d u r i n g  venous poo l i ng .  
Cardiopulmonary baro recep to r  a c t i v i t y  a f f e c t s  r ena l  sod i  um s e c r e t i o n  w i t h -  
o u t  a f f e c t i n g  rena l  b lood  flow, g l  omerul a r  f i l  t r a t i o n  r a t e ,  a1 dosterone, 
and an ti d i u r e t i c  hormone. 
The e f f e c t s  o f  venous p o o l i n g  ( induced by LBNP f o r  30 minutes a t  20mmHg) 
have been compared w i t h  those o f  inc reased  venous r e t u r n  ( induced  by l e g  
e l  eva t i on )  . The r e s u l t s  a re  be ing  analyzed c u r r e n t l y .  
PUBLICATIONS 
1. Abboud, F. M., Eckberg, D. L.8, Johannsen, U. J., and Mark, A. L. 
" C a r o t i d  and cardiopulmonary baro recep to r  c o n t r o l  o f  sp lanchnic  and 
forearm vascu la r  r e s i s t a n c e  d u r i n g  venous p o o l i n g  i n  man." J PHYSIOL 
286:173-184, 1979. 
2. Mark, A. L., Abboud, F. M., and F i t z ,  A. E. " I n f l u e n c e  o f  low-  and 
h igh-pressure baro recep to rs  on p l  asma r e n i n  a c t i v i  ty i n  humans. " AM J  
PHYSIOL 235(1) :H29-33, 1978. 
3. Takeshi ta ,  A., Mark, A. L., Eckberg, D. L., and Abboud, F. M. " E f f e c t  
o f  c e n t r a l  nervous pressure on a r t e r i a l  b a r o r e f l  ex c o n t r o l  o f  hea r t  r a t e .  " 
AM J PHYSIOL 236:H42-47, 1979. 
L e f t :  S ing le -Pa t i en t  
Arrhythmia Analysis System. 
This computer d e t e c t s  and 
ca t egor i zes  each hear tbea t  
a s  i t  occurs ,  d i sp lay ing  
i t  on t h e  accompanying 
s t o r a g e  osc i l l o scope .  The 
screen may a1 so d i sp l ay  
s t a t i s t i c a l  ana lys i s  and 
t r e n d s ,  along with t h e  
c r i t e r i o n  f o r  c u r r e n t  
d e t e c t i o n .  Graded a1 arms 
a r e  a l s o  incorporated.  
Right:  Por tab le  Arrhythmia 
Analysis Computer. The 
complete computer i s  i n s i d e  
a  l e a t h e r  bag hanging by 
t h e  v o l u n t e e r ' s  r i g h t  s i d e .  
Three e l ec t rodes  a r e  a f f i x e d  
t o  h i s  ches t  and a r e  a t t ached  
t o  t h e  computer by a  cab le .  
The computer i s  powered by 
b a t t e r i e s  which a r e  adequate  
f o r  24 hrs  a t  a  t ime.  I t  
weighs l e s s  than 4 Ibs  and 
provides a  beat-by-beat 
a n a l y s i s  of  t he  p a t i e n t ' s  
e lectrocardiograms.  
M I  CROPROCESSOR-BASED PHYSIOLOGICAL INSTRUMENTATION 
R. G. Mark (Beth I s r a e l  Hosp i t a l  ) 
I n i t i a l  work concen t ra ted  on a  p a t i e n t - c a r r i e d  p o r t a b l e  computer powered 
by b a t t e r i e s  adequate f o r  a t  l e a s t  24 hours.  The system de tec ts  and 
ca tegor izes  each hea r tbea t  and analyzes t h e  c a r d i a c  rhythm, summarizing 
i t  bo th  s t a t i s t i c a l l y  and i n  terms o f  s p e c i f i c  events .  The p o r t a b l e  
system i s  suppor ted by and communicates w i t h  a  h o s p i t a l  base s t a t i o n .  
More r e c e n t l y ,  e f f o r t s  have been on a  s ing1  e  p a t i e n t  bedside a r rhy thmia  
mon i t o r  which i nc l udes  ope ra t i ona l  c o n t r o l s ,  d i sp lays ,  and hard-copy 
ou tpu t .  This system prov ides  s t a t i s t i c a l  summaries as w e l l  as mon i to rs  
t h e  ou tpu t .  
PUBLI CATIONS 
None 
Bedrest subjec t  undergoing physiological t e s t s .  Subject  i s  being t e s t ed  
f o r  to lerance  t o  L B N P  a f t e r  -5O head-down bedrest .  Note the  black cover 
of  the L B N P  machine encasing t h e  man's wais t .  
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CARDIOVASCULAR EFFECTS OF VARIATIONS I N  HABITUAL LEVELS OF PHYSICAL ACTIVITY 
C. G. B l  omqvi s t  (Uni  v e r s i  t y  o f  Texas Southwestern Medical School ) 
Bedrest s t ud ies  (24-hour, -5' head-down) do n o t  p r o v i d e  evidence t h a t  t h e  
h e a r t  w i l l  be c h r o n i c a l l y  over loaded under these cond i t i ons .  Centra l  venous 
pressure increases w i t h i n  90 minutes b u t  then  decreases t o  below r e s t i n g  
l e v e l s  by t h e  end o f  24 hours; t h e  l e f t  v e n t r i c u l a r  diameter r e a c t s  oppos i te -  
ly, i n i t i a l l y  decreasing, then  i nc reas ing .  There a r e  no e f fec ts  o f  bedrest  
on h e a r t  muscle f u n c t i o n .  
Future s t u d i e s  w i l l  exp lo re  t he  mechanism o f  changes invo lved ,  as w e l l  as 
t h e  e f f e c t  o f  age on adapta t ion .  A  comparison o f  a t h l e t e s '  and non -a th l e tes '  
responses w i l l  be made. Sur face body c o o l i n g  w i l l  be t e s t e d  as a  counter-  
measure; p r e l  i m i n a r y  r e s u l t s  a r e  encouraging. 
PUBLI CATIONS 
1. Nixon, J. V., e t  a1 . " E a r l y  ca rd iovascu la r  adap ta t i on  t o  s imu la ted  
zero g r a v i t y . "  J APPL PHYSIOL 46(3)  :541-48, 1979. 
2. B l  omqvist  , C. G., e t  a1 . " E a r l y  ca rd iovascu la r  adap ta t i on  t o  zero 
g r a v i t y  s t i m u l a t e d  by head-down ti 1  t . " ACTA ASTRONAUT 7(4-5) :543-554, 
1980. 
3. Raven, P. B.3 e t  a l .  " I n t e r a c t i o n s  between su r f ace  c o o l i n g  and LBNP- 
induced c e n t r a l  hypovolemia." AVIAT SPACE ENVIRON MED 51(5):497-503, 1980. 
Eckberg 
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Subject wearing neck collar that applies precise pressure changes. 
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CAROTI B ARTERIAL BAROREFLEX MECHANISMS IN MAN 
D. L .  Eckberg (Veterans Administration Medical Center) 
A neck col la r  has been devised to  apply precise changes of pressure to  the 
carotid sinus nodes. Altered s t retch of these a r t e r i e s  affects  the neural 
messages sent from the nodes to  the vasomotor center and the cardioinhibitory 
center in the brain. These centers then a c t  t o  modify the heart ra te  and 
diameter of blood vessels i n  order to  maintain a normal blood pressure a t  
a l l  times. Thus, distention of the a r t e r i a l  walls due to r i s e  in pressure 
will inhi b i t  vasoconstriction and excite cardioinhi b i  t ion. 
I t  i s  possible t h a t  the substantial headward s h i f t  of vascular f luids  induced 
by weightlessness during spaceflight impairs this normal cardiovascular 
reflex control mechanism. Such impairment i s  indicated by a f a l l  in blood 
pressure upon standing i n  astronauts who have recently returned from space- 
f l igh t .  Neck pressure or suction has been used experimentally t o  perturb 
this reflex mechanism i n  order to  understand how t h i s  system works under 
normal and abnormal circumstances. The ent i re  stimulus-response reflex has 
been defined in man as a resul t  of th is  e f for t  (see reference 3).  
Subsequent and future e f for t s  attempt to  understand how the central nervous 
system controls the caliber of blood vessels. For t h i s  research, t r a f f i c  
over nerves destined for  blood ,vessels will be measured direct ly  i n  a l e r t ,  
cooperating volunteers with microneedl es inserted almost pain1 essly through 
the skin into nerve bundles. 
PUBLICATIONS 
1. Eckberg, D. L .  "Carotid baroreflex function in young men with borderline 
bTood pressure elevation." CIRC 59:632-636, 1979. 
2 .  Baskerville, A. L . ,  Eckberg, D. L., and Thompson, M. A. "Arterial 
pressure and pul se  interval responses t o  repet i t ive carotid baroreceptor 
stimuli in man." PHYSIOL (Lond) 297:61-71, 1979. 
3. Eckberg, D. L. "Nonlinearities of the human carotid baroreceptor- 
cardiac ref1 ex." CIRC RES 47:208-216, 1980. 
Lacy 
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- r A- 
Imaging application of multiwire proportional counter. Above: Sixteen 
stop-action views of the phantom heart and its wall-perimeter images 
through one cycle of contraction and expansion (left to right, top to 
bottom). Below: Phantom image and wall-perimeter images at diastole 
(140 ml volume) . 
F A B R I C A T I O N  OF R A D I A T I O N  DETECTION AND Q U A N T I T A T I O N  SYSTEM 
J .  L .  Lacy (NASA- JSC) 
The purpose of t h i s  project  i s  t o  develop and t o  t e s t  a radionuclide 
imaging system fo r  monitoring cardiac function i n  f l i g h t .  Mu1 t iwi re  
proportional counter (MPC) techno1 ogy has been adapted fo r  t h i s  project .  
This laboratory has developed a sophist icated y e t  simple technique 
fo r  e lect ronic  readout of  the MPC, which detects  ionizing radiat ion.  
The system i s  tes ted on a cardiac phantom, which consis ts  of a f lu id-  
f i l l e d  rubber bag with a volume tha t  can be rapidly modulated t o  
simulate the  human l e f t  ventr ic le .  A radioactive t r ace r  i s  viewed w i t h  
the  MPC imaging device. Using t h e  phantom, one can determine stroke 
prof i l e ,  e ject ion f rac t ion ,  and pulse ra tes .  
Recently, the production of a continuous supply of the  shor t  ha1 f-1 i f e  
isotope tantal  um-178 (T% = 9.3  min) has been possible. This development 
makes the  use of t h i s  system more practical  and sa fe ,  opening new areas 
of diagnostic and other research capab i l i t i e s .  
PUBLICATIONS 
None 
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IMPLANTABLE TELEMETRY FOR SMALL ANIMALS 
J. Meindl (S tan fo rd  E l e c t r o n i c s  Labora to ry )  
Hemodynamic f l  i g h t  exper iments us ing  smal l  animals c a l l  f o r  a  r e d u c t i o n  i n  
s i z e  o f  imp lan ted  i ns t rumen ta t i on  w h i l e  improv ing  re1  i a b i l  i t y ;  t h i s  can be 
achieved by s o p h i s t i c a t e d  e l e c t r o n i c  systems t h a t  use advanced i n t e g r a t e d  
c i r c u i t r y .  I n t e g r a t e d  c i r c u i t  des ign i s  be ing  a p p l i e d  t o  t h e  development 
o f  pressure, f l ow,  and dimension measurement systems t o  assess b lood  f l o w  
changes i n  k idneys, hear t ,  and head. 
Doppler u l t r a s o n i c  f l o w  systems seem t o  p rov ide  t h e  most reasonable op t i on .  
Improved CW* Doppler u l t r a s o n i c  systems s u i t a b l e  f o r  use i n  smal l  pr imates 
have been developed and a re  now be ing  t e s t e d  f o r  use i n  LBNP and acce le ra -  
t i o n  t e s t s .  The system i s  b a t t e r y  operated, comple te ly  imp lan tab le ,  and 
can send data over  d is tances  o f  a t  l east  50 f e e t .  I n  a d d i t i o n ,  systems 
t h a t  make pressure and dimension measurements s imu l taneous ly  a r e  be ing  
developed. 
An exper iment u t i l  i z i n g  these concepts has been accepted f o r  exper iment 
d e f i n i t i o n  aboard t h e  Space S h u t t l e .  S i n g l e  channel Doppler systems w i  11 
be imp lan ted  i n  a t  l e a s t  s i x  monkeys t o  measure f l o w  i n  t h e  ascending a o r t a  
and i n  a  rena l  vessel .  Cur ren t  c a p a b i l i t i e s  and concepts w i l l  be expanded 
and r e f i n e d  t o  b e t t e r  s u i t  spac'efl  i g h t  requi rements.  
PUBLICATIONS 
1. Claude, J. P., G r i f f i n ,  J. R., Gschwend, S. J., K n u t t i ,  J. W., A l l en ,  
H. V. ,  and Meindl  , J. D. "A c h r o n i c a l l y  ins t rumented  animal model f o r  
e l  e c t r o p h y s i o l o g i  c  research.  " PROC IEEE BIOMED 26(9)  : 545, 1979. 
2. K n u t t i  , J. W., A l l e n ,  H. V., and Meindl  , J. D. " I n t e g r a t e d  c i r c u i t  
imp lan tab le  systems." BIOMED S C I  INST 15:105-107, 1979. 
3. Sander, C. S., K n u t t i ,  J. W.,  and Meindl ,  J. D. " A  m o n o l i t h i c  capa- 
c i t i v e  pressure sensor w i t h  pu lse-per iod  ou tpu t . "  IEEE I n t e r n a t i o n a l  
Sol i d-State C i r c u i t s  Conference, Di gest  o f  Technica l  Papers, 1980. 
*Con ti nuous waves 
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CARDIOVASCULAR RESPONSE PO SIMULATED SPACEFLIGHT STRESS 
H. Sand1 e r  (NASA-ARC) 
H o r i z o n t a l l y  body-cased animals (7, 14 & 30 days, r e s p e c t i v e l y )  have been 
evaluated by LBNP and +G us ing  c h r o n i c a l l y  implanted ins t rumenta t ion .  
Animal response was s i m i f a r  t o  human response d u r i n g  bedrest.  
These pro to type fl i g h t  experiments i nvo l ved  use o f  convent ional  hardware 
techniques, ba t te ry -1  ess te leme t ry  u n i t s ,  and advanced battery-powered 
i n t e g r a t e d  c i r c u i t  u n i t s .  
Future s tud ies  w i l l  i n v o l v e  l o n g  term (1-2 rnos.) mon i to r i ng  o f  animals, 
changes i n  body p o s i t i o n ,  b lood f l o w  d i s t r i b u t i o n ,  and h e a r t  f unc t i on  
changes. 
PUBLICATIONS 
1. Shimizu, M., Ghista, D. N., and Sandler, H. "Card iovascular  r e g u l a t o r y  
response t o  lower body nega t i  ve pressure f o l l  owing b lood vo l  urne 1 oss . " 
AVIAT SPACE ENVIRON MED 50:24-25, 1979. 
2. Dickey, D. T., Teoh, K. K . 3  Sandler, H.3 and Stone, H. L. "Changes i n  
b lood vol  urne and response t o  vasoact ive drugs i n  h o r i z o n t a l  l y  casted pr imates. " 
PHYSIOLOGIST 22(6) :S-27, 1979. 
3. Sandler, H. "Low-G s t i m u l a t i o n  i n  mammalian research." PHYSIOLOGIST 
22(6) :S-19, 1979. 
P h i  1 po 
12-05 
Ul t r a s t ruc tu ra l  e f f e c t s  of card iovascular  decondit ioning.  Top: A cap- 
i l l a r y  with an endothe l ia l  c e l l  i s  seen along with normal myocardial 
s t r u c t u r e  from a  rhesus monkey (X14,OOO). Bottom: Rhesus monkey was 
body-casted f o r  35 days. Beside t h e  p r o l i f e r a t i o n  of  connect ive t i s s u e ,  
a  white blood c e l l  ( l a r g e  arrow) and a  fragment of  macrophage (small 
arrow) a r e  seen (X10,OOO). 
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CELLULAR CONSEQUENCES A N D  ULTRASTRUCTURAL EFFECTS OF CARDIOVASCULAR 
DECONDITIONING 
D. E .  Phi lpot t  (NASA-ARC) 
Morphological a l t e r a t i o n s  induced by hypokinesia and a l t e r e d  gravi ta t ional  
forces  a r e  s tudied  a t  t h e  c e l l  u l a r  and subcel l  u l a r  1 eve1 . Mechanisms res-  
ponsi bl e f o r  cardiovascul a r  decondi t i on ing  a r e  a1 so under inves t iga t ion .  
Model systems use r e s t r i c t e d  a c t i v i t y ,  g r e a t e r  g rav i t a t iona l  forces ,  o r  
a combination of both t o  s imulate r een t ry  forces .  Hearts from r a t s  exposed 
t o  varying l e v e l s  o f  chronic acce lera t ion  (2 .3  and 4.16) exh ib i t  gross 
microscopic and ul t r a s t r u c t u r a l  changes, including changes in t h e  s i z e  of  
f i b e r s ,  the  number o f  mitochondria, and in pro te in  syn thes i s .  Res t r ic ted  
a c t i v i t y  o r  bedrest  r e s u l t s  in  a decrease in  mitochondria1 volume. 
Further inves t iga t ions  o f  chaired and hor i zon ta l ly  body-casted monkeys 
wi l l  continue and should produce quan t i f i ab le  data on o the r  changes. 
PUBLICATIONS 
1. Kato, K . ,  Boloun, A . ,  and P h i l p o t t ,  D. E .  "Effec t  o f  supergravi ty  on 
the areas  o f  l i p i d  d rop le t s  and mitochondria i n  t h e  hea r t  l e f t  ven t r i c l e . "  
J ULTRASTRUCT RES 69(1)  :360, 1979. 
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N O N I N V A S I V E  ULTRASONOMEPRY FOR MEASUREMENT OF CARDIOVASCULAR DYNAMICS 
S . Rosi tan0 (NASA-ARC) 
Techniques f o r  measuring blood pressure and f low, which w i l l  determine 
acce le ra t i on  ending p o i n t s  (being mod i f ied  f o r  use i n  Space S h u t t l e  
f l  i ghts)  have been developed. 
A c a r o t i d  pressure flow transducer fo r  use i n  Kosmos 1981 experiment 
has a l so  been developed. 
Future work w i l l  i n v o l v e  cont inued work on microprocessor-based blood 
pressure ( c u f f )  system; improving accuracy and reproduci  b i l  i t y  o f  Doppl e r  
f l ow  s igna ls ;  and development o f  pressure flow system, i n c l u d i n g  c a l i b r a t i o n  
sys tem. 
PUBLI CAT1 ONS 
None 
Hines & Sand1 er  
7 2-07 
Biotelemetry systems. Currently ava i l ab le  biotelemetry 
systems were adapted fo r  chronic implantation in rhesus 
monkeys. Here, systems f o r  measuring in t rac ran ia l  pressure 
(ICP) and cardiovascular  changes a r e  shown. 
199-20-12-07 OCT 1980 
BIOTELEMETRY SYSTEMS FOR CARDIOVASCULAR FLIGHT EXPERIMENTS 
J .  Hines and H .  Sandler (NASA-ARC) 
In th i s  task, the emphasis i s  placed on transducer development, the use of 
telemetry techniques for transmission of biologic information, and develop- 
ment of small instrumentation of packages compatible for internal or external 
use. Miniaturized instrumentation packages will be used t o  monitor infl  ight 
cardiovascular changes i n  rhesus monkeys. 
Currently available biotel emetry systems have been adapted for  chronic 
implantation in small primates, with emphasis on the measurement of intra- 
cranial pressure and cardiovascular parameters. Multichannel pressure, 
temperature, and E C G  systems that were successfully implanted in 20 rhesus 
monkeys provided usable signals for periods u p  t o  four months. These systems 
will be used for long-term on-line recording of data during experiments. 
Present systems are  battery-less or use bat ter ies  pl us RF switches. Other 
work incorporates rechargeable ba t te r ies ,  as we1 1 as flow (el  ectro-magnetic) , 
ECG,  and EMG (el  ectromyographi c, for measuring muscular response to  el ec t r i -  
cal stimulation) and dimension sensing capabi l i t ies .  Future plans also i n -  
cl ude exposing the chronically instrumented animal s t o  LBNP,  centrifugation, 
and res t ra in t  . 
PUBLICATIONS 
1. Hines, J .  W . ,  Sandler, H . 3  Fryer, T. B., and Kojima, G.  "Implantable 
inductively powered telemetry systems." E N G R  MED BIOL p. 121, 1978. 
2.  Ream, A. K., Silverberg, G .  D . 9  Corbin, S. D., Schmidt, E .  V . ,  and 
Fryer, T. B.  "Epidural measurement of intracranial  pressure." NEUROSURG 
5:36-43, 1979. 
3. McCutcheon, E .  P . ,  Carlson, E . 3  Mains, R .  C., Pace, N . ,  Rahlmann, D.  F . ,  
and Sand1 e r ,  H .  "Cardiovascular responses of the chronicall y instrumented 
monkey during simulated spacefl ight." PHYSIOLOGIST 22(6) :5-55, 1979. 
Horizontal Whole-Body O s c i l l a t o r .  A sub jec t  i s  secured t o  the  o s c i l l a t o r  platform ( l e f t )  
and then o s c i l l  a ted a t  a  s e t  frequency and displacement ( r i g h t ) .  
DYNAMIC EMPOSED ACCELERATION FOR STRESS TESTING AND PREVENTION OF 
CARDI OVAS CULAR DECONDITI ON ING 
C. F. Knapp ( U n i v e r s i t y  o f  Kentucky) 
Decreased s t i m u l a t i o n  o f  mechanoreceptors, p a r t i c u l a r l y  those r e l a t e d  
t o  p e r i p h e r a l  vascu la r  f u n c t i o n ,  seems t o  have a  s i g n i f i c a n t  r o l e  i n  t he  
e t i o l o g y  o f  o r t h o s t a t i c  i n t o l e r a n c e  upon r e t u r n  t o  E a r t h  and a f t e r  bedres t .  
Who1 e-body o s c i l l  a t o r y  a c c e l e r a t i o n  may supp ly  t h e  necessary s t i m u l a t i o n ,  
a l ong  w i t h  we igh t l ess  exe rc i se ,  t o  be an e f f e c t i v e  countermeasure. 
Dur ing  whole-body o s c i l l a t i o n ,  t h e  s u b j e c t  i s  t i e d  prone t o  a  t a b l e  t h a t  
v i b r a t e s  back and f o r t h  a t  a  s p e c i f i c  r a t e  and w i t h  r e s p e c t  t o  a  p a r t i c u l a r  
body ax i s .  Mhole-body o s c i l l a t i o n  w i t h  a  t a b l e  d isp lacement  o f  a  h a l f  s i n e  
f u n c t i o n  ( p u l s e  w i d t h  p e r i o d  o f  0.5 seconds) and a  r e p e t i t i v e  r a t e  o f  1 HZ 
prevented o r t h o s t a t i c  i n t o l e r a n c e  i n  decond i t i oned  human sub jec t s .  S i x  
s u b j e c t s  had been decond i t i oned  by  -5' head-down bedres t  and s i x  by 6  hours 
o f  wa te r  immersion t o  t h e  neck. These s t u d i e s  suggest t h a t  t h i s  procedure 
i s  an e f f e c t i v e  countermeasure f o r  c a r d i o v a s c u l a r  decond i t i on i ng .  
These s t u d i e s  w i l l  con t i nue  a1 ong s i m i l a r  1  i nes .  Animal exper iments w i l l  
determine t h e  mechanisms respons ib l e  f o r  t h e  observed changes. 
PUBLI CATIONS 
1. Bhattacharya, A., Knapp, C. F., McCutcheon, E ,  P., and Evans, J. M. 
" M o d i f i c a t i o n  o f  ca rd i ac  f unc t i on  by synchron ized v a s c i l  l a t i n g  a c c e l e r a t i o n . "  
J APPL PHYSIOL 46:549, 1979. 
2. Bhat tacharya,  A., Knapp, D. V., McCutcheon, E. P,, and Cornish,  A. 
" O s c i l l a t i n g  a c c e l e r a t i o n  f o r  t h e  p reven t i on  o f  c a r d i o v a s c u l a r  decond i t i on i ng . "  
PHYSIOLOGIST 22 :4, 1979. 
3. Bhat tacharya,  A. "Card iovascu la r  responses t o  who1 e  body o s c i l  l a t i o n  
and i t s  t h e r a p e u t i c  appl i ca t i ons .  " 
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Stone 
12.- 11 
Rhesus monkey i n  a h o r i z o n t a l  body c a s t .  
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MECHANISM OF CARDIOVASCULAR DECONBI TIONING I N  THE UNANESTHETI ZED PRIMATE 
H. L. Stone ( U n i v e r s i t y  of  Oklahoma College o f  Medicine) 
An animal model has been developed which mimics i n  p a r t  t he  events t h a t  
have been shown t o  occur w i t h  bedrest  i n  human subjects ,  namely a reduc t ion  
i n  b lood volume and a l o s s  o f  o r t h o s t a t i c  to le rance.  
Data gathered t o  date i n d i c a t e  t h a t  prolonged weight lessness may cause 
a l o s s  of  muscle c e l l s  i n  t h e  h e a r t  and a1 t e r  t h e  r e f l e x  ad jus tments -o f  
t he  c i r c u l a t i o n  t o  a changing environment such as t h e  r e t u r n  t o  Ear th  from 
space. 
The a d u l t  rhesus monkey (Macaca mu la t ta )  w i l l  be used t o  def ine the  card io-  
vascular  changes t h a t  occur  du r i ng  14 t o  30 days o f  ho r i zon ta l  cas t ing .  
The c a r o t i d  s inus and a o r t i c  a rch  w i l l  be denervated t o  examine t h e i r  r o l e s  
i n  t h e  con t ro l  of c i r c u l a t i o n  i n  the  decondi t ioned s t a t e .  
F l u i d  replacement w i l l  a1 so be used i n  an e f f o r t  t o  s tudy the  renal  and 
r e f 1  ex adjustments t o  vo l  ume expansion. 
PUBLICATIONS 
1. Dickey, D. T., Teoh, K. K., Sandler, H., and Stone, H. L. "Changes i n  
b lood vol  ume and response t o  vasoact i  ve drugs i n  h o r i  zonta l  l y  casted p r i -  
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Greenleaf 
12-12 
Test subject  prepared fo r  accelera t ion i n  the cab  of the centr i fuge.  
EFFECTS OF FLUID A N D  E L E C T R O L Y T E  SHIFTS ON METABOLISM A N D  tG, ACCELERATION 
TOLE RAN CE 
J .  E .  Greenleaf (NASA-ARC) 
I t  appears t ha t  endurance-trained a th l e t e s  exh ib i t  s ign i f i can t ly  reduced 
o r t hos t a t i c  tolerance when compared t o  untrained men. Their tolerance 
to head-to-foot ( + G  ) accelera t ion,  however, seems unimpaired. In an 
e f f o r t  to understan8 the physiological mechanism involved in the body's 
adaptation t o  weightlessness, t h i s  project  invest igates  the  e f f e c t  of 
dynamic ( i so ton ic )  exerc ise  t r a in ing  on responses t o  +Gz accelerat ion 
and t i 1  t - t ab le  s t resses  in normal men and women. 
Both bedrest and water immersion reduce tolerance to  +GZ accelerat ion 
and to  t i l t - t a b l e .  Because both models r e su l t  i n  a t o t a l  body dehydration, 
t h i s  study emphasizes f l  uid-el ec t rol  y t e  shi f t s  and t h e i r  re1 at ionships t o  
to1 erance. Oral rehydration a f t e r  bedrest s i gn i f i c an t l y  at tenuates the  
1 arge decrease in tolerance to  accelerat ion post-bedrest . Prel iminary 
findings from subjects  exposed t o  short-term t r a in ing  periods i n  hot and 
normal temperatures show tha t  exercise did not make a difference in tolerance 
to +GZ accelera t ion.  
Future s tudies  wi 11 measure o r t hqs t a t i c ,  accelera t ion,  and exercise to1 erance 
in endurance-trained a th l e t e s  and i n  normal untrained subjects  before and 
a f t e r  water-immersion. 
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thermoregulation: Rest and work in heat w i t h  head cooling." AVIAT SPACE 
ENVIRON MED 51:747-753, 1980. 
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TO SIMULATED S P A C E  FL I GHT 
1 u i d s  observed 
pon r e t u r n  t o  
Ea r th  appear t o  have impo r tan t  e f f e c t s  on reg iona l  b l ood  f low d i s t r i b u t i o n ,  
bo th  d u r i n g  weight lessness and upon r e t u r n  t o  Ear th .  
For t h i s  new task, d i f f u s e  coronary a r t e r y  d isease was induced i n  dogs by 
i n j e c t i o n  o f  an i r r i t a n t ,  a1 l y lamine ,  f o l l o w e d  by h i  gh-chol ester01 feeding.  
These dogs have a  reduced response t o  lower  body nega t i ve  pressure (LBNP). 
Rad ioac t i ve  microspheres as a  method o f  s t u d y i n y  r e g i o n a l  d i s t r i b u t i o n  o f  
f l o w  have been developed and evaluated.  This method w i l l  be a p p l i e d  i n  
t h e  h e a r t  d u r i n g  h o r i z o n t a l  body cas t ing ,  LBNP, +Gz, and d u r i n g  changes 
o f  p o s i t i o n  o f  t he  body. 
PUBLICATIONS 
1. Kates, R. E. and L e i e r ,  C. V. "Pharmacokinet ics o f  dobr i tamine  i n  p a t i e n t s  
w i t h  severe h e a r t  f a i l u r e . "  CL PHARMACOL THER 24:537-541, 1978. 
A1 exan der 
13-01 
Human performance testing: Space s u i t  t e s t  -- walking on treadmill. 
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PHYSIOLOGICAL COSTS FOR ACHIEVING AND MAINTAINING WORK FITNESS 
W. C. Alexander (NASA-KSC) 
Physical f i  tness has been genera1 1 y assessed i n  cardiovascul ar-pulmonary- 
muscular terms, which may be an oversimplification, according to  the 
investigators . 
The purpose of th i s  project i s  to develop performance c r i t e r i a  for  assessing 
the efficacy of training regimens for  men and women. Current c r i t e r i a  are 
limited by the i r  subjective nature. Specific questions to  be addressed are:  
1) Who i s  most physically f i t  for spaceflight and how may 
th i s  be determined? 
2 )  What selection c r i t e r i a  should be used? 





i n  n 
a r j  essel  from 
a human cadaver study. The length of the  r e l a t i ve ly  shorr  vessel 
section between the  pressure t ap  shown and the  pressure t ap  i n  the  
metal p la te  on the r igh t  s ide  was 46 mm; the upstream diameter was 
3.2 mm; and the smallest diameter was about one-half the  upstream 
diameter, an amount of const r ic t ion t ha t  usually would not be 
considered cl in ical  l y  s ign i f ican t .  
38 
THEORETICAL AND EXPERIMENTAL STUDY OF DISEASED CORONARY ARTERIES UNDER 
STRESS 
L .  H .  Back (JPL-CIT) 
Theoretical and experimental models are developed to explore the hydro- 
dynamics of blood flow in individuals with diseased coronary ar te r ies  
when subjected to various types of s t ress  such as abnormal accelerations, 
redistribution of blood volume, and re-entry from space. 
A computer model for blood flow through diseased ar te r ies  and an experi- 
mental apparatus to  bench t e s t  the flow through negative replicates of 
vessel casts  have been developed. These two techniques are applied to  
study flow data from animals with induced ar te r ia l  disease. 
Techniques have been developed t o  determine the in vivo relationship of 
pressure-drop t o  flow-rate in animal s . 
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INTRODUCTION 
nausea, and d i s o r i e n t a t i o n  u s u a l l y  appear s h o r t l y  
o f  a c t i v e  movements i n  weiqht lessness and l a s t  f o r  
th ree  t o  seven days. A t  present, t he  most genera l l y  accepted theory  
under ly ing  t h i s  motion sickness i s  t h e  "sensory c o n f l i c t  hypothesis.  " 
According t o  t h i s  theory, symptoms r e s u l t  from sending u n f a m i l i a r  o r  un- 
expected combinations o f  sensory s igna ls  i n  the  c e n t r a l  nervous system. 
For example, t he  o t o l i t h i c  organs sense the  d i r e c t i o n  of g r a v i t a t i o n a l  
force.  For proper funct ion,  they  r e q u i r e  (1) a g r a v i t a t i o n a l  f i e l d  and 
(2)  the  absence o f  any i n t e r f e r i n g  forces.  A person r i d i n g  i n  a car, boat 
o r  a i r p l a n e  undergoes i n e r t i a l  r e a c t i v e  forces t h a t  i n t e r f e r e  w i t h  g rav i t y ,  
thus causing ill usory sensat ions and motion sickness. I n  space, t he  o t o l  i t h i c  
organs are  depr ived o f  g r a v i t y  e n t i r e l y ,  l e a v i n g  as sensory i npu ts  o n l y  t he  
i n e r t i a l  r e l a t i v e  forces caused by head and body movements. 
Mechanisms of  long-term adaptat ion t o  the  weight less environment must a l so  
be e luc ida ted .  Adaptat ion i s  thought t o  occur as t h e  v isua l  system replaces 
v e s t i b u l a r  func t ions .  This  would account f o r  observed carry-over  adaptat ion 
du r ing  p o s t f l i g h t  t e s t s  and f o r  t he  d i s o r i e n t a t i o n  experienced by -astronauts 
upon moving t h e i r  heads o r  walk ing w i t h  t h e i r  eyes c losed p o s t f l i g h t .  
Because motion sickness undermines maximum work performance, p a r t i c u l a r l y  i n  
shor t -dura t ion  f l i g h t s ,  i t  w i l l  be very impor tan t  t o  develop techniques and 
c r i t e r i a  f o r  s e l e c t i n g  crew memb,ers f o r  f u t u r e  f l i g h t s .  I t  i s  i n t e r e s t i n g ,  
though disheartening, t h a t  none o f  t h e  p r e f l i g h t  t e s t  data on the  Skylab 
astronauts c o r r e l  a ted w i t h  the  ac tua l  occurrence o f  SMS symptoms i n f l  i ght . 
Attempts t o  pre-adapt the  Skylab crewmen by r o t a t i n g  c h a i r  and/or exposures 
t o  pa rabo l i c  f l i g h t  have n o t  been v i s i b l y  usefu l .  The use o f  ant i -mot ion 
sickness drugs t o  prevent  and t r e a t  symptoms as they  occurred has y i e l d e d  
extremely 1 i m i t e d  and v a r i a b l e  success. 
The o v e r a l l  o b j e c t i v e  o f  t h i s  research program i s  t o  develop c r i t e r i a  f o r  
crew se lec t i on ,  techniques f o r  p revent ing  symptoms, and methods f o r  e f fec -  
t i v e  t reatment  o f  symptoms once they  occur. Emerging f l  i g h t  experiments 
w i l l  c o n t r i b u t e  t o  the v a l i d a t i o n  o f  t he  ground-based s tud ies  and w i l l  a t tempt  
t o  e luc ida te  adapt ive mechanisms. 
Above: Subject  in  r o t a t i n g  c h a i r  used in  v e s t i b u l a r  funct ion  research .  
Below: Diagram o f  anti-motion s ickness  drug a c t i o n .  
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MECHANISMS UNDERLYING MOTION SICKNESS I N  MAN 
J. b. Homick and M. F. Reschke (NASA-JSC) 
Two major  research a c t i v i t i e s  a re  under way. The f i r s t  i s  t o  i d e n t i f y  
drugs which p rov i de  maximum p r o t e c t i o n  a g a i n s t  space mot ion s ickness w i t h  
minimum s i d e  e f f e c t s .  S i x  drugs have been e x t e n s i v e l y  eva l  uated, i n c l  ud ing  
derma l l y  admin is te red  scopolamine. The e f f e c t i v e n e s s  o f  o r a l  medicat ions 
i s  a l s o  be ing  t e s t e d  i n  s u s c e p t i b l e  sub jec t s  on a  z e r o - g r a v i t y  p lane  and i n  
ground-based mot ion  dev ices . 
Secondly, neura l  mechanisms i n  man which respond t o  l i n e a r  acce l  era  t i o n  
and which c o n t r o l  t h e  ma jo r  a n t i - g r a v i t y  muscles a r e  be ing  i n v e s t i g a t e d ,  
as i s  v e s t i b u l a r  f unc t i on  a t  t h e  c e l l u l a r  l e v e l  i n  smal l  animals,  
PUB b I  CATIONS 
None 
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INPRALABYRINMINE FLUID PRESSURE DYNAMICS 
D .  E .  Parker (Miami University) 
I t  has been proposed that space motion sickness (SMS) might be associated 
with a change in vestibular input caused by the large sh i f t s  of body fluids 
tha t  occur when an astronaut enters the weightless environment. The present 
task investigates whether body f luid s h i f t s  contribute to SMS. Changes in 
motion perception and biochemical properties of the inner ear are examined 
following body f luid s h i f t s  produced by head-down t i1  t .  
Both middle ear impedance and auditory tone detection thresholds change with 
f luid sh i f t s .  However, motion perception appears unaltered. Also investi- 
gated are ways in which different  individuals respond t o  different  inputs 
(vestibular,  visual , and neck receptor) when they report t he i r  orientation 
in space. 
Future studies will examine how easi ly  different  people s h i f t  t he i r  
dependence from one type of input to another (e.g. ,  visual t o  vestibular) . 
Results from these investigations should help develop t e s t s  t ha t  predict 
suscept ibi l i ty  to SMS and training procedures tha t  ameliorate the problem. 
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ETIOLOGY AND COUNTERMEASURES OF SPACE MOTION SICKNESS 
M. I g a r a s h i  ( ~ a y l o r  Col lege o f  Medicine) 
Under t h i s  task ,  techniques and ins t ruments  have been developed (1) fo r  
s imul taneous v e s t i b u l a r  and v i s u a l  ( o p t o k i n e t i c )  s t i m u l a t i o n  i n  pr imates; 
( 2 )  f o r  produc ing v e s t i b u l a r - v i s u a l  c o n f l i c t ;  and (3) f o r  r e c o r d i n g  phys io-  
l o g i c a l  f u n c t i o n  (ECG, r e s p i r a t i o n  r a t e ,  e t c . )  t o  m o n i t o r  prodromal space 
mot ion s ickness symptoms. 
Les ion exper iments on t h e  v e s t i b u l o - s p i n a l  connec t ion  i n d i c a t e  t h a t  
measuring t he  s p i n a l - p l a n t a r  r e f l e x  c o u l d  be a  u s e f u l  non invas ive  method 
f o r  assess ing v e s t i b u l a r  descending i n f l u e n c e .  Les ion exper iments i n d i c a t e  
t h a t  body sensory i n p u t s  (e .  g., by phys i ca l  e x e r c i s e )  hasten t he  compensation 
mechanism a f t e r  f u n c t i o n  l o s s  o f  t h e  v e s t i b u l a r  apparatus. S tud ies  a1 so 
c o n f i r m  the  importance o f  v e s t i b u l a r  i n p u t s  t o  eye-head coo rd ina t i on .  
PUBLICATIONS 
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i Correia 21 -05 
A photomicrograph of a  t r ansve r se  sec t ion  through t h e  brainstem and Scarpa ' s  
ganglion of a  pigeon in  which an a l c i a n  blue dye spot  was e l e c t r o p h o r e t i c a l l y  
deposi ted.  The spot  confirms t h e  loca t ion  from which ac t ion  p o t e n t i a l s  a r e  
recorded i n  a  non-barbi t u r a t e  anes the t ized  who1 e-brain pigeon prepara t ion .  
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ELECYROPHYSIOLOGICAL AND MORPHOLOGICAL STUDIES OF THE VESTIBULAR 
AFFERENT AND EFFERENT SYSTEM 
M. J. Cor re ia  ( U n i v e r s i t y  o f  Texas Medical Branch) 
E l  ec t rophys io l  o g i c a l  and anatomical  s t ud ies  a r e  be ing  conducted on t h e  
v e s t i  bu l  a r  a f f e r e n t l e f f e r e n  t sys tern o f  b i r d s  and smal l  mammal s . These 
animals have i n n e r  ears  which a r e  e a s i l y  access ib l e  fo r  exper imenta l  mani- 
p u l a t i o n  and produce responses s i m i l a r  t o  those produced i n  non-human pr imates.  
The understanding o f  normal p h y s i o l o g i c a l  v e s t i b u l a r  responses w i l l  p rov ide  
a background f o r  comparison w i t h  abnormal v e s t i b u l a r  responses which have 
occur red  on pas t  space miss ions  and which p robab ly  w i l l  occur  i n  t h e  f u t u r e .  
Us ing h i s t o l o g i c a l  s t a i n i n g  procedures, f o u r  d i s c r e t e  c l u s t e r s  o f  v e s t i b u l a r  
e f f e ren t  neurons have been d e l i n e a t e d  i n  t he  p igeon bra instem. Also,  
a u d i t o r y  and v e s t i b u l a r  pathways have been t r a c e d  u s i n g  r a d i o a c t i v e  markers. 
A mathematical  model e x p l a i n i n g  t h e  o r i g i n  o f  impulses on the  v e s t i b u l a r  
nerve has been developed. Moreover, the  way i n  which sensory i n f o r m a t i o n  
i s  t r a n s f e r r e d  on v e s t i b u l a r  p r ima ry  a f f e r e n t s  has been charac te r i zed .  
Future research w i l l  i n c l  ude e l  e c t r o p h y s i o l o g i  ca l  s t u d i e s  on t he  v e s t i b u l a r  
e f f e r e n t  system and a f f e ren t  responses of  o t o l i t h  organs t o  dynamic l i n e a r  
accel  e r a t i o n .  1 
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NEUROSCI ABSTS 5:18, 1979. 
2. Lando l t ,  J. P. and Corre ia ,  M. J. "Neurodynamic response a n a l y s i s  o f  
a n t e r i o r  s e m i c i r c u l a r  canal  a f f e r e n t s  i n  the  pigeon." J NEUROPHYSIOL 43: 
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SCAN LlNE f 
SCAN LlNE 2 
P f =  (LEf t T E O / 2  
P2= ( L E 2  t TE2) / 2  
The Postural Measurement System. Scan l ines  a re  positioned a t  the hips 
and the shoulders t o  record anteroposterior sway. Average position i s  
calculated from the locations of the leading edge ( L E )  and t r a i l i n g  
edge (TE). The arrows on the  platform indicate  the  di rect ion in  which 
the subject  i s  moved t o  t e s t  postural sway responses (from R.  0. Andres 
and D .  J .  Anderson, AM J OTOLARYNG l ( 3 )  : 202, 1980. ) 
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EVALUATION O F  POSTURAL MECHANISMS U N D E R  DYNAMIC CONDITIONS 
D. J. Anderson (University of Michigan Medical School) 
Early emphasis of this  study was on the design and development of a hardware 
and software system which coul d serve as a compl e t e  posture-analysi s package. 
The final version of the posture platform induces postural ins tab i l i ty  and 
body sway by moving the subject ' s  base of support back and forth.  
The resul tant  motions are  similar to those encountered in everyday l i f e  
(e.g., transient steps similar to  slipping on ice and pseudorandom motions 
similar to  standing on a moving vehicle).  Displacement of the platform 
and of the subject ' s  hips and shoulders i s  measured and analyzed. 
The most recent emphasis of the project has been the interpretation of data 
collected from normal subjects and from patients with otological or  neuro- 
1 ogical dysfunction. Techniques from 1 inear systems theory are being employed 
to describe the dynamic properties of subject response. The resul t  should be 
a ful l  parameterizGd model of the human posture system. 
The system would be useful in the problem of postural control adaptation 
a f t e r  prolonged periods of weight1 essness. Space1 ab crews will be tested 
to study the extent and time course of adaptation. 
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VESTIBULAR SELECTION CRITERIA DEVELOPMENT 1 
J.  R.  backner (Brandei s University) ~ 
The basic s t ra tegy o f  t h i s  project  i s  t o  develop procedures for  pre- 
d ic t ing su scep t i b i l i t y  t o  space motion sickness (SMS). Specific objectives 
a r e  : 
1) To determine why f ree  f a l l  cons t i tu tes  a s t ress fu l  motion 
environment in which head movements el i c i  t symptoms of 
motion sickness;  
2 )  To es tab l i sh  a range of st imulations with which t o  t e s t  the 
"sensory confl i c t  theory;" 
3) To develop t e s t s  t o  measure su scep t i b i l i t y  t o  SMS; 
4 )  To iden t i fy  psychophysiological cor re la tes  of SMS 
suscepti bi 1 i  ty .  
I t  has been found t ha t  headward f l u id  s h i f t s  of the  magnitude occurring i n  
f r e e  f a l l  do not a f f e c t  su scep t i b i l i t y  t o  motion sickness.  A vest ibulo- 
visual sudden-stop in teract ion t e s t  has been developed tha t  measures 
su scep t i b i l i t y  to motion s i c k n e s ~  in f ree  f a l l  and under t e r r e s t r i a l  con- 
di t ions .  
PUBLICATIONS 
1. Lackner, J .  R .  and Graybiel, A. "Parabolic f l i g h t :  boss of sense of 
or ienta t ion."  SCIENCE 206:1105-1108, 1979. 
2. Mather, J .  and Lackner, J.  R .  "Adaptation t o  visual displacement w i t h  
ac t ive  and passive limb movements: Effect  of movement frequency and pre- 
d i c t a b i l i  ty ."  QUART J EXP PSYCH 32:317-323, 1980. 
3. Graybiel, A .  and Lackner, J ,  R.  " A  vest ibular-visual  sudden stop 
in teract ion t e s t  f o r  rapid assessment of  motion sickness manifestat ions."  
AVIAT SPACE ENVIRON MED 51:21-23, 1980. 
Horseradish peroxidase (HRP)-labeled ce l l  s in midbrain. HRP-positive 
c e l l s  ou t l ine  the nucleus parabrachial is  l a t e r a l i s  (dark-f ie ld  photo 
montage). I t s  re la t ionship  to  o ther  nuclei i s  shown in the drawing 
( B c ,  brachium conjunctivum; pBm, nucleus parabrachial is  medial is;  Coea, 
nucleus coeruleus a ;  M o V ,  nucleus nervi t r isemini  motorius; sCoe, nucleus 
subcoerul eus) . 
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NEURAL MI CROCI RCUITRY OF THE VOMITING TRT GGER ZONES 
W. Mehl e r  (NASA-ARC) 
Vomiting, o r  emesis, i s  t h e  physiological endpoint to  vert igo and malaise 
in space motion sickness and i s  ch ie f ly  induced by labyr inth  impulses 
transmitted via primary ves t ibular  f ibe rs  t o  the ves t i  bulo-cerebell um.  
The route between the ves t i  bulo-cerebell um and the  vomiting t r i gge r  zone 
(VTZ) in the lower brainstem o r  the  chemoreceptive t r i gge r  zone ( C T Z )  i s  
under invest igat ion.  
A possible point of  convergence of ves t ibular  and visuo-vesti bular impulses, 
both of which can induce emesis, has been i den t i f i ed  as cer ta in  par ts  of  
the accessory i n f e r i o r  01 ivary nuclei .  The amygdala i n  the forebrain,  
which can induce prodromal symptoms of motion sickness as well as emesis 
when stimulated, has been analyzed neuroanatomically. 
Future s tudies  wil l  continue a1 ong these 1 ines of  invest igat ion.  Micro- 
in ject ion s tudies  of  the local neural c i r cu i t r y  of s t ruc tu res  in the  VTZ 
and CTZ wil l  be expanded. The pos s ib i l i t y  of  a 1 ink between the amygdala 
and brainstem VTZ and/or CTZ will be studied.  
PUBLICATIONS 
1. Mehler, W. R . ,  Mantyh, P . ,  anh Phelan, K .  D. "Afferent connections of 
the  amygdala in  the  ca t . "  SOC NEUROSCI ABSTR 5:279, 1979. 
2 .  Phelan, K .  D. and Mehler, W .  R .  "Vestibulo-cerebellar a f fe ren t s  from 
the i n f e r i o r  01 ive and the  ves t ibular  nuclear complex." SOC NEUROSA 
ABSTR 5 :106, 1979. 
3. Mehler, kl. R .  "Subcortical a f f e r en t  connections of the amygdala in 
the  monkey." J COMP NEUROL 190 :733-762, 1980. 
Go1 d b e r g  
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Ipsilateral plus 
chronic midline section 
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Three experimental preparations f o r  
st imulating ( I )  and recording ( V )  
the e f fe ren t  ves t ibular  system. 
Crosshatching denotes main e f fe ren t  
groups; s t ipp led  area ,  Scarpa 's  
gang1 ion ; dark area ,  mi dl i  ne region 
( see  diagram below). (From: Ref. 1, 
p .  990.) 
Vestibular and auditory e f fe ren t  pathways. ( B C ,  brachium conjunctivum; C N ,  cochlear 
nuclei ;  C O C B ,  crossed olivocochlear bundle; F,  f locculus;  L ,  l a t e r a l  vest ibular  
nucleus; P ,  medullary pyramid; R B y  rest iform body; S ,  superior  ves t ibular  nucleus; 
SG, Scarpa 's  ganglion; SO, superior o l iva ry  complex; S p .  t r .  V and V ,  spinal 
t r i  gemi nal t r a c t  and nucleus, respect ively;  VI , abducens nucleus; VII, fac ia l  genu; 
VIIIA and VIIIV, auditory and ves t ibular  nerves, respectively.  From: PUB 1, p 993) 
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P H Y S I O L O G Y  OF THE V E S T I B U L A R  S Y S T E M  
J .  M. Goldberg (Universi ty o f  Chicago) 
The ultimate goal of t h i s  project  i s  t o  determine the  functional contributions 
of peripheral and central  ves t ibular  neurons t o  the overall  operation of 
the ves t ibular  system. 
Investigations using the squir re l  monkey showed t h a t  the  two types of primary 
ves t ibular  neurons exhibited s ign i f i can t ly  d i f f e r en t  responses t o  e l e c t r i c a l  
s t imulation,  one being ten times more sens i t ive  than the  other.  
There i s  evidence t h a t  the vestibulo-ocular re f l ex  (VOR) can be modified by 
visual s t imuli  to p a r t i a l l y  compensate f o r  the  loss  of input from a s ingle  
horizon ta1 canal . 
Studies of nystagmus i n  response t o  earth-hori zon t a l  ro ta t ion i n  anesthetized 
monkeys indicate  pe rs i s t en t  horizontal and ver t i ca l  nystagmus (responses to  
ro ta t ion about the horizontal and s ag i t t a l  planes, respect ively)  are  not 
functions of semicircular  canal st imulation.  
Three projects  cur ren t ly  being pursued a r e :  ( a )  i n t r ace l l  ul a r  s tudies  of 
ves t ibular  a f fe ren t s  in the chinchi l la ;  ( b )  fu r the r  investigation of thick 
and t h i n  a f fe ren t s ;  and ( c )  s tudies  of the  ro le  of  e f fe ren t  control i n  ves- 
t i  bular function. 
PUBLICATIONS 
1. Goldberg, J .  M. and Fernandez, C.  "Efferent  ves t ibular  system in the 
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3. Goldberg, J. M. and Fernandex, C. "Conduction times and background 
discharge of ves t ibular  a f fe ren t s  ." BRAIN RES 122 :545-50, 1977. 
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Above: Cat in visual vestibular studies.  The cat  i s  placed on a  platform 
suspended by springs. Accelerometers mounted on the platform record 
simultaneously the platform's accelerative forces and the cell  responses. 
The visual stimulus (cut away to show ca t )  surrounds the cat  and i s  also 
suspended by springs. 
Below: Response of two ce l l s  t o  i t imuli .  Recordings from two different  ce l l s  
in the vestibular nucleus indicate sens i t iv i ty  of b o t h  ce l l s  t o  vestibular 









FUNCTIONAL SIGNIFICANCE OF SENSORY PPITERACTTON A N D  EFFERENT I N F L U E N C E  
ON THE VESTIIGULAR SYSTEM 
N. G .  Daunton (NASA-ARC) 
The objective of th i s  research i s  t o  understand the neurosensory adaptation 
to the weightless environment and to  develop more effective countermeasures 
to motion sickness than are currently available. 
Sing1 e cell  recordings in the vestibular nuclei of cats have indicated that 
the i r  motion perception i s  similar to man's. Other studies indicate that 
the c a t ' s  hormonal responses are similar t o  man in motion-sickness-inducing 
s i tuat ions.  In both species, susceptible individuals show an increase in 
ant idiuret ic  hormone, while nonsusceptible individuals show l i t t l e  change. 
Work on visual-vestibular interaction in vestibular nuclei of the ca t  will 
continue. Other related brain areas will also be explored and similar 
recordings in squirrel monkeys will be in i t i a t ed .  
PUBLICATIONS 
1. Daunton, N .  G .  and Thomsen, D .  "Visual modulation of otolith-dependent 
units in ca t  vestibular nuclei . "  EXP BRAIN RES 37:173-176, 1979. 
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2 .  Suri ,  K . ,  Crampton, G .  H . ,  and Daunton, N .  G .  "!.lotion sickness in 
cats :  A symptom rating scale used in laboratory and f l ight  t e s t s . "  AVIAT 
SPACE ENVIR MED 50:614-618, 1979.  
Eye-head c o o r d i n a t i o n  s t u d i e s .  When a  v i s u a l  t a r g e t  i s  sudden ly  
p resen ted ,  i t  a t t r a c t s  t h e  monkey 's  a t t e n t i o n  and i n i t i a t e s  an 
o r d e r l y  sequence o f  eye and head movements. A f a s t  eye movement, 
c a l l e d  a  saccade, t u r n s  t h e  eyes so t h a t  t h e  t a r g e t  i s  c e n t e r e d  on 
t h e  fovea,  t h e  most  s e n s i t i v e  p a r t  o f  t h e  r e t i n a .  Some 20 - 40 msec 
l a t e r ,  t h e  monkey's head b e g i n s  t u r n i n g  i n  t h e  same d i r e c t i o n .  D u r i n g  
t h i s  head movement, t h e  eyes must  c o u n t e r - r o t a t e  t o  keep t h e  t a r g e t  
f i x a t e d .  The amount o f  h e a d - t u r n i n g  i s  t r a n s m i t t e d  t o  a  r e c o r d e r  by 
t h e  l i g h t w e i g h t  appara tus  clamped t o  monkey's head. Eye movement i s  
r e c o r d e d  by  e l e c t r o - o c u l o g r a p h y .  
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ROLE OF CORTICAL AND CEREBELLAR AREAS IN THE CONTROL OF EYE-HEAD 
COORDINATION I N  MONKEYS 
E. B i  z z i  (Massachusetts I n S t i  t u t e  o f  Techno1 ogy)  
Convent ional  model s  o f  sensor imoto r  c o o r d i n a t i o n  a re  unable t o  account 
f o r  t h e  i n t e r p l a y  between pos tu re  and d i s t ance  recep to r s  o r  t o  deal w i t h  
t h e  r o l e  o f  the  organism's  own e f f e r e n t  ou tpu t .  The goal o f  t h i s  
i n v e s t i g a t i o n  i s  t o  unders tand how sensor imotor  c o o r d i n a t i o n  develops and 
i s  ma in ta ined  under normal and c o n f l  i c t i n g  sensory  i n p u t s .  
S tud ies  o f  pre-ocu lomotor  c e l l s  show t h a t  saccades ( o r  t w i t c h i n g  eye 
movements) a re  generated w i t h o u t  any i n f o r m a t i o n  on i n t ended  head movement. 
These c e l l s  r e c e i v e  i n f o r m a t i o n  o n l y  about ac tua l  head movement. C e l l s  t h a t  
a r e  r e1  a t e d  t o  head movement have been i d e n t i f i e d  and l o c a l i z e d ,  b u t  these 
c e l l s  do n o t  r e c e i v e  any i n f o r m a t i o n  about eye movements o r  p o s i t i o n s .  
I n  f u t u r e  s t ud ies ,  an t i - d rom ic  s t i m u l a t i o n  w i l l  be used t o  i d e n t i f y  axons o f  
head- re la ted  c e l l s  i n  t h e  s p i n a l  cord.  Thus, t h e  r o l e  o f  descending commands 
i n  t h e  c o n t r o l  o f  head movements w i l l  be determined. 
S tud ies  o f  arm t r a j e c t o r i e s  i n  monkeys w i l l  con t i nue  t h e  i n v e s t i g a t i o n  o f  
sensor imoto r  coo rd i na t i on .  
4 
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GROWTH A N D  MAINTENANCE OF N E U R A L  PATHWAYS U N B E R L Y  I NG O R I E N T A T I O N  
A .  Hein (Massachusetts I n s t i t u t e  o f  Technology) 
The overloading o f  an organism's a b i l i t y  t o  d i s t ingu i sh  self-motion 
sensory inputs  from environmental sensory inputs  i s  a major cause of 
d i so r i en ta t ion .  The neural subs t r a t e s  involved i n  t h i s  ab i l  i t y  a re  being 
inves t iga ted .  
Studies show t h a t  eye movements play an e s sen t i a l  r o l e  i n  t h e  acqu i s i t ion  
of  visual -motor s k i l l s .  Sensory input  from ex t raocu la r  muscles i s  very 
important in the i n i t i a l  development of and the  a b i l i t y  t o  l o c a l i z e  ob jec t s  
i n  space. 
Studies of  these  systems wil l  continue in vestibulectomized c a t s .  
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Rota t ing  c h a i r .  Motor-driven c h a i r  r o t a t e s  s u b j e c t  360' abou t  t h e  
n a s o - o c c i p i t a l  a x i s .  Camera i s  f i x e d  t o  a p p a r a t u s  and r o t a t e s  w i t h  
t h e  s u b j e c t .  Cen te r s  o f  p u p i l s  a r e  a l i g n e d  w i t h  h o r i z o n t a l  l i n e  e tched  
on camera view f i n d e r .  P o s i t i o n  o f  eyes  r e l a t i v e  t o  t h i s  l a n e  remains 
c o n s t a n t  d u r i n g  r o t a t i o n .  Photographs a r e  t aken  a t  each 10 . 
( R e p r i n t e d  w i t h  permiss ion from Markham, ACTA OTOLARYNGOL 87 :491,1980. ) 
OTOLITH-VISUAL CENTER CONNECTIONS 
C.  H .  Markham (Universi ty of California School of' Medicine) 
Normally, the u t r i c l e  i n  the inner ear  re f l ex ly  controls  torsional  eye 
movements ( i  .e . ,  when the  head t i l t s  t o  one s i de ,  the eyes ro l l  i n  the 
opposite d i rec t ion ,  helping to  maintain a  s t ab l e  image on the r e t i na ) .  
This research e f f o r t  del ineates t h i s  re f l ex ,  ca l l ed  ocular counterroll ing 
(OCR) , i n  normal persons and persons with labyrinths surgical  l y  destroyed 
during tumor removal. Thus, possible problems re la ted  to  OCR under space- 
f l i g h t  conditions may be ant ic ipated.  
Studies of  OCR during dynamic rota t ion have led  t o  c r i t e r i a  which differen- 
t i a t e  normal persons from those with un i la te ra l  ves t ibular  nerve sections.  
These c r i t e r i a  are  applied t o  OCR p ro f i l e s ,  which a re  obtained from subjects  
ro ta ted t o  900 t o  each s i de  while having both eyes photographed a t  each 
lo0.  Dis t inct ly  abnormal O C R  p rof i l e s  of subjects  who a r e  declared normal 
by conventional ves t ibular  t e s t s  a r e  confirmed abnormal by c l in ica l  t e s t s .  
D u r i n g  s t a t i c  t i l t ,  however, OCR i s  not s t ab l e ,  varying about 3'. Under 
these conditions, the O C R  of normal persons and pa t i en t s  with ves t ibular  
nerve sect ions  does not d i f f e r .  
Studies of dynamic OCR wil l  be continued, w i t h  emphasis on detection of 
labyrinthine,  ves t i  bul a r  nerve, 'bra in  stem, and cerebell a r  abnormal i t i e s .  
Procedures a r e  being developed t o  process the  data w i t h  computerized imaging 
techniques. Quantification of the  c r i t e r i a  of abnormality are  a1 so under way. 
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ETIOLOGY A N D  PREVENTION OF MOTION SICKNESS IN SPACE 
L .  R .  Young and C .  M .  Oman (Massachusetts Ins t i tu te  of Technology) 
This work concentrates on neurophysiologi cal and psychophysical mechanisms 
of motion sickness, as well as i t s  time course and symptomatology. The 
results of these studies are  integrated into a model for the etiology of 
motion sickness . 
Recent significant findings incl ude the discovery of reversed circular- 
vection a f t e r  adaptation to seeing through prism goggles. Circul arvection 
i s  a phenomenon ar is ing from the association between normal head rotation 
and relat ive scene motion. Thus, a pattern of s t r ipes  rotating around a 
stationary observer soon el i ci t s  a compel 1 i n g  censa tion of sel f-rotation 
in the opposite direction. 
Visual as we1 1 as vestibular cues influence muscle reflexes during free 
f a l l .  Habituation to a 900 rotation of the visual f ie ld  (cross-axis habi t u -  
a t ion)  was absent in monkeys who were passively habituated. 
Left-right reversing prisms are used to study both motion sickness and 
adaptation. Two time constraints are associated with motion sickness: a 
short  time constant (minutes) which causes a rapid increase in symptoms in 
association with extreme stimuli and a long time constant (hours) which i s  
associated with an accumul ation df di scomfort over successive stimuli . 
Work i s  a1 so being done on the measurement of ocular counterroll ing (a 
measure of otol i t h  function, especial l y  useful in assessing changes taking 
place in zero gravity).  
PUBLICATIONS 
1. Green, L .  A .  and Young, L.  R.  "Absence of cross-axis p las t ic i ty  in the 
vesti bulo-ocular reflex." NEUROSCI ABSTR 5 :371, 1979. 
2 .  Oman, C. M e ,  Bock, 0. L . ,  and Huang, J .  K .  "Visually induced se l f -  
motion sensation adapts rapidly to  1 e f t - r i  g h t  visual reversal ." SCIENCE 
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Subject  sea ted  in r o t a t i n g  c h a i r .  
Transducer configurat ion i s  displayed.  
A EXPERIMENTAL GROUP I 
Number of  r o t a t i o n s  achieved during each - D EXPERIMENTAL GROUP II 
Cor io l i s  Sickness S u s c e p t i b i l i t y  Index 0 CONTROL GROUP Ill 
700 - 0 CONTROL GROUP IV (CSSI) t e s t .  Experimental groups were 
exposed f o r  6 hrs of autogenic feedback 600 - 
t r a i n i n g  t o  control  physiological 
responses t o  motion sickness t e s t s ;  NUMBER 
control  groups underwent t e s t s  without OF 
being t r a i n e d .  ROTATIONS 400 - 
C W  C W  C C W  C C W  C W  C W  
I I I I I I 
0 1 2 3 4 5 6 
CSSI TESTS 
BIOFEEDBACK IN ME CONTROL OF SPACE MOTION SICKNESS 
P. S. Cowings (NASA-ARC) 
Pa t t e rns  o f  i n d i v i d u a l  autonomic response t o  mot ion  s ickness a r e  c o n s i s t e n t  
across d i f f e r e n t  mot ion s t i m u l i .  
Learned autonomic c o n t r o l  fo r  suppress ion o f  mot ion  s ickness t r a n s f e r s  across 
severa l  d i f f e r e n t  mot ion  s t i m u l i .  Mass t r a i n i n g  i s  n o t  as e f f e c t i v e  o r  per -  
manent as d i s t r i b u t e d  t r a i n i n g .  
Men and women a re  s i m i l a r  i n  s u s c e p t i b i l i t y  t o  mot ion  s ickness and i n  t h e i r  
a b i  1  i ty  t o  1  earn symptom c o n t r o l  . 
Fu tu re  i n v e s t i g a t i o n s  w i l l  be on c o n d i t i o n i n g  d i r e c t  c o n t r o l  o f  g a s t r i c  
m o t i l i t y ,  pressure,  o r  stomach pH and on deve lop ing  computer -ass is ted 
procedures f o r  c o n d i t i o n i n g  m u l t i p l e  autonomic parameters.  
PUBLI CATIONS 
None 




















































































































































































































































































































































































































































































































































































































































































































































































































Observations o f  otoconia from t i 1  ted-head mouse. ( A )  Ti1 ted-head mouse. 
( B )  Surface  preparat ion of  u t r i c l e  ( U t )  showing g i a n t  c r y s t a l  (GC), 50X. 
(C) Flower-petal shaped g i a n t  c r y s t a l s  (arrow i n d i c a t e s  l a m e l l a t i o n ) ,  
200X. ( D )  Bow-tie o r  b u t t e r f l y  shaped malformed g i a n t  otoconia with 
c e n t r a l  narrowing ( a r rows) ,  125X. 
SEP 1980 
E N V I  RONMENTAL AND GENETI C EFFECTS OF GRAVITY RECEPTORS 
D. J. Lim ( 0 h i o  S t a t e  U n i v e r s i t y  H o s p i t a l )  
The mechanisms i n v o l v e d  i n  t h e  fo rmat ion  and maintenance o f  t h e  o tocon ia  
( a l s o  c a l l e d  o t o l  i t h s )  i n  t he  i n n e r  ear  a r e  p o o r l y  understood. The 
o b j e c t i v e s  of  t h i s  p r o j e c t  a r e :  ( 1 )  t o  c l a r i f y  these mechanisms, ( 2 )  t o  
s tudy  morpholog ica l  abnormal i ti es i n  t h e  o t o c o n i a l  organs due t o  exposure 
t o  abnormal g rav i  t a  t i o n a l  env i  ronmen t s  , and (3 )  t o  s tudy  t h e  behav io ra l  
and p h y s i o l o g i c a l  abnormal i t i e s  assoc ia ted  w i t h  observed morphol o g i c a l  
changes . 
The developmental h i s t o l o g y  o f  t h e  o t o c o n i a l  organs i s  s t u d i e d  i n  mice. 
Otoconia seeding occurs i n  11-13 g e s t a t i o n a l  days as smal l  g lobu les  o f  
o rgan i c  substances which appear t o  be secre ted  by suppo r t i ng  c e l l s .  Young 
o tocon ia  appear t o  have one o r  more n u c l e i ,  and t h e  p o i n t e d  ends o f  t h e  
c r y s t a l  s  appear 1  a t e r .  G e n e t i c a l l y  ma1 formed o tocon i  a  appear t o  be formed 
by f u s i o n  o f  smal l  c r y s t a l s ,  as i n  t h e  case o f  i n t o x i c a t i o n  w i t h  a  d i u r e t i c  
drug, e thac ryn i c  a c i d .  
The morpholog ica l  s t udy  o f  t h e  c e n t r a l  area o f  t h e  o t o c o n i a l  organs shows 
t h a t  t he  c i l i a  i n  t h a t  area a re  f r e e  t o  be s t i m u l a t e d  by t h e  f l o w  o f  
endolymph and a r e  bes t  s u i t e d  for,  spec i  f i  c  d e t e c t i o n  o f  dynami c  changes 
i n  g r a v i  h a t i o n a l  f o r c e  o r  body movement, s i nce  t h e  c i l i a  i n  t h i s  area 
a r e  embedded i n  t o  t h e  o v e r l y i n g  gel  a t i nous  membrane. 
Reduct ion i n  t h e  number o f  o tocon ia  w i t h i n  t i 1  ted-head and p a l l  i d  mice 
g r a v i t y  r ecep to rs  r e s u l t s  i n  hypos t imu la t i on  s i m i l a r  t o  t h a t  o f  the  space 
environment.  Behaviora l  s t u d i e s  show pe r i phe ra l  anomal i e s  such as d i s -  
o r i e n t a t i o n  i n  wate r  and i n a b i l  i ty  t o  r i g h t  d u r i n g  a  f r e e  fa1 1  . Studies 
on the  t i 1  ted-head mice show no behav io ra l  anomalies u n t i l  o t ocon ia  a r e  
reduced t o  20%, o r  1  ess, o f  normal . The e f f e c t s  o f  t h i s  sensory d e p r i v a t i o n  
a r e  a l s o  be ing  examined i n  t h e  v e s t i b u l a r  bra instem. 
PUBLI CATIONS 
1. Lim, D. J., Erway, L. C . , a n d C l a r k ,  D. L. " T i l t e d - h e a d m i c e w i t h  
gene t i c  o tocon ia l  anomaly: Behaviora l  , p h y s i o l o g i c a l  and morpholog ica l  
c o r r e l a t e s . "  I n :  V e s t i b u l a r  - Mechanisms i n  Hea l t h  and Disease, J. D. Hood, 
en. Academic Press, London, 1978, pp 195-206. 
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Global  s t r u c t u r e  based on conceptua l  sensory  c o n f l i c t  model. 
(From: Riedel  , S .  A. "A  comprehensive system model f o r  mot ion1  
space s ickness -- p r e l i m i n a r y  r e s u l t s . "  Proc.  1 6 t h  Annual Conf. 
on Manual Con t ro l ,  MIT, 5-7 May 1980, pp 349-68.) 
SYSTEMS MODEL FOR SPACE MOTION SICKNESS 
H. R. Jex (Systems Technology, Inc. )  
This  p r o j e c t  i s  t h e  f i r s t  phase i n  t h e  development o f  a  funct ional  model 
f o r  motion sickness. This  mathematical model w i l l  be app l i cab le  f o r  pre- 
d i c t i n g  t h e  cond i t ions  conducive t o  t h e  syndrome, screening suscep t i b le  
i n d i v i d u a l  s  , and minimi z i n g  t h e  1 i ke l  i hood and/or seve r i  t y  o f  t he  syndrome 
by a1 t e r i n g  environmental and motion parameters. Such a dynamic approach 
can descr i  be the  d i  sparate mechanical and psychophysi 01 og i  ca l  e l  ements and 
t h e i r  complex i n t e r a c t i o n s  . 
This phase inc ludes  t h e  rev iew and synthesis  o f  observat ions on motion 
sickness i n t o  a systemat ic  data base. 
Future phases w i l l  a t tempt  t o  v a l i d a t e  the  model i n  humans and animal 
s tud ies  and comparat ive ly  evaluate the model's f unc t i ona l  e f f icacy i n  both 
one and zero g r a v i t y .  
PUBLICATIONS 
None 
Decerebrate cat  in la teral  r o l l - t i l t  experiment. The cat i s  par t ia l ly  obscured by the stereotaxic apparatus 
used t o  hold the head (++ 1 )  r igidly in a standard position. The animal and suppgrting hardware are mounted 
on a base plate,  which in turn may be subjectedoto r o l l - t i l t  patterns of u p  to  20 about an axis through the 
animal's he;d. Here, the platform i s  t i l t e d  20 toward the viewer. Muscle ac t iv i ty  in forelimb and neck 
muscles i s  recorded using EMG electrodes sewn into the muscle. A glass micropipette electrode ( 2  -h.) measures 
the ac t iv i ty  of single brainstem neurons in the vestibular nuclei. 
SEP 1980 
VESTIBULOCOLLIC REFLEXES OF OTOLITH O R I G I N  
V .  J .  Wilson ( ~ o c k e f e l l e r  University) 
Physiological studies of the vestibular system and i t s  reflexes have 
emphasized semicircular canals. The purpose of th is  project i s  t o  
develop a comprehensive description of the o to l i th  organs, their  reflexes, 
and the i r  role in the maintenance of body posture. 
Studies of vestibul o-spinal reflexes are being conducted on cats without 
cerebrums which are exposed to roll  - t i1  t stimulation. Thus f a r ,  resul ts  
have indicated that  the o to l i th  system produces reflexes in response to 
ro l l - t i1  t in both neck and forelimb extensor muscles. A t  lower frequencies 
of t i l t ,  the o to l i th  organs are effect ive;  a t  higher frequencies semi- 
c ircular  canal s appear to dominate. 
Work will continue along similar l ines ,  with the added capability to  record 
from central o to l i th  neurons involved in these reflexes in intact  and 
canal -pl ugged cats .  
PUBLI CAT1 ONS 
1. Wilson, V .  J . ,  Peterson, B .  W . ,  Fukushima, K . ,  Hirai, N . ,  and Uchino, 
Y .  "Analysis of vestibulocoll i c  ,ref1 exes by sinusoidal polarization of 
vestibular afferent f ibers . "  J NEUROPHYSIOL 42(2) :331-46, 1979. 
2. Wilson, V .  J .  and Me1 vill-Jones, G .  Mammalian Vestibular Physiology. 
Plenum Pub1 ishers,  New York, N Y ,  1979.' 
3. Wilson, V .  J .  and Peterson. B .  W .  "Peripheral and central substrates 
of vesti bulospinal ref1 exes." PHYSIOL REV 58:80-105, 1978. 
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BONE DEMINERALTZATEON 
SHORT TITLE 
Long-Term Bedrest  
Hormonal Cont ro l  o f  Calcium and Bone 
Mechanisms o f  Skel e t a l  Loss 
Bone Growth Endosseous Imp1 an ts  
Computer Tomography o f  Vertebrae 
V i t am in  D/Vi tamin K i n  Calcium Cont ro l  
Calcium Regu la t ing  Hormones 
Bone Metabol ism and Biomechanics 
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Calcium Homeostasis 
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INTRODUCTION 
Progress ive  decrements i n  s k e l e t a l  mass may c o n s t i t u t e  a  major  medica l  
hazard i n  long- te rm space f l  i g h t .  X-ray dens i  tomet ry  and ca lc ium balance 
s t u d i e s  from Gemini, Apo l l o ,  and Sky lab miss ions  show t h a t  we igh t -bear ing  
bones a r e  p a r t i c u l a r l y  s u s c e p t i b l e  t o  m ine ra l  l o s s :  Losses from t h e  
r a d i u s  and u l na  were immeasurable, whereas l osses  f rom t h e  os c a l c i s ,  o r  
heel  bone, were as h i g h  as 7.9% o f  m ine ra l  con ten t .  
I n  s p a c e f l i g h t ,  t h e  degree o f  bone l o s s  f rom t h e  os c a l c i s  seems t o  
c o r r e l a t e  w i t h  t h e  degree o f  nega t i ve  ca l c i um  balance, which p e r s i s t s  
throughout  s p a c e f l i g h t .  The h i g h  ca l c i um  l o s s  i s  accompanied by l osses  i n  
n i t r ogen ,  phosphate, potassium, and muscle mass. E x t r a p o l a t i o n  o f  t h i s  
da ta  t o  s i x  months o f  weight lessness r e s u l t s  i n  a  l o s s  o f  2.5 - 3.0% o f  
t h e  t o t a l  body ca lc ium.  
Jus t  how ex tens i ve  t h e  l osses  w i l l  be d u r i n g  l ong - t e rm  s p a c e f l i g h t  i s  n o t  
known. The p o i n t  a t  which these losses  become i r r e v e r s i b l e  i s  a l s o  unknown. 
Ex tens ive  l osses  i n  s k e l e t a l  mass may l e a d  t o  k idney  s tones and inc reased  
p o t e n t i a l  f o r  f r ac tu res ,  among o t h e r  dangers. 
One o f  t h e  main o b j e c t i v e s  o f  t h i s  RTOP i s  t o  determine t h e  mechanism o f  
bone d e m i n e r a l i z a t i o n .  That  t h e  r a t e  o f  bone r e s o r p t i o n  exceeds t h e  r a t e  
o f  bone f o rma t i on  i n  t h e  absence o f  normal g r a v i t a t i o n a l  s t r e s s  i s  a  p o s s i b l e  
s t a r t i n g  p o i n t .  Unde r l y i ng  mechanisms a r e  be ing  i n v e s t i g a t e d  i n  ground- 
based exper iments u s i n g  human and animal sub jec t s  d u r i n g  bedres t  o r  o t h e r  
forms o f  i m m o b i l i z a t i o n .  These i n c l u d e  s t u d i e s  on bone dens i t y ,  ca lc ium 
k i n e t i c s ,  and hormonal c o n t r o l  [e.g., p a r a t h y r o i d  hormone, c a l c i t o n i n ,  and 
v i t a m i n  D m e t a b o l i t e s ) .  Noninvas ive methods o f  measur ing s k e l e t a l  s t a t u s  
a r e  be ing  developed as necessary.  
Countermeasures t o  p reven t  and t r e a t  a l t e r a t i o n s  a r e  a l s o  be ing  t es ted .  
Cur ren t  areas i n c l u d e  c o n t r o l l e d  d i e t ,  exe rc i se ,  and hormone t rea tment .  
To date,  n e i t h e r  d i e t a r y  supplementat ion w i t h  phosphate o r  ca lc ium,  no r  
s t a t i c  o r  dynamic impact  l o a d i n g  o f  t h e  s k e l e t a l  system, no r  i s o t o n i c  
exe rc i ses  have prevented bedrest - induced bone l o s s  i n  man. 

199-20-31-01 AUG 1980 
ATTEMPTS TO PREVENT BONE MINERAL LOSS D U R I N G  PROLONGED BEDREST 
V .  S .  Schneider (USPWS H o s p i t a l ,  San Franc isco)  
Both weight1 essness and pro longed bedrest  a re  accompanied by increased 
ca lc ium i n  t he  u r i n e  as bone minera l  i s  l o s t .  The immediate r i s e  i n  
u r i n a r y  ca lc ium con t inues  t o  inc rease  f o r  s i x  weeks be fo re  a  p l a teau  i s  
reached. Bone breakdown,as measured by t h e  u r i n a r y  o u t p u t  of  hydroxypro l ine ,  
an amino a c i d  by-product  o f  t h e  bone m a t r i x ,  a l s o  occurs d u r i n g  t h e  f i r s t  
week o f  bedrest  and reaches a  maximum d u r i n g  t h e  s i x t h  week. There i s  l i t t l e  
i n f o r m a t i o n  on t h e  e x t e n t ' o f  bone minera l  l o s s  t o  be expected w i t h  repeated 
exposure t o  weight lessness o r  bedres t .  
I n  o r d e r  t o  a l l a y  any de t r imen ta l  e f f e c t s  o f  weight lessness,  a v a r i e t y  o f  
t h e r a p e u t i c  approaches a r e  be ing  taken, One method o f  p reven t i ng  bone 
minera l  l o s s  uses t h e  d rug  c lodrona te ,  a  diphosphonate. When eval  uated i n  
n i n e  heal  t h y  bedres t  vo lun teers ,  u r i n a r y  ca lc ium d i d  n o t  inc rease  i n  
c l od rona te - t r ea ted  sub jec ts ;  seven q f  t h e  n i n e  d i d  n o t  l o s e  any ca lcanea l  
m inera l  as measured by t h e  bone den i i t ome te r .  C lodronate presents  a  counter-  
measure s u f f i c i e n t l y  promi s i n g  t o  be eva lua ted  f u r t h e r .  
PUBLI CAT1 ONS 
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Mean d a i l y  u r i n a r y  e x c r e t i o n  o f  ca lc ium,  phosphate, and magnesium 
i n  p a t i e n t s  g iven  low and h i g h  doses o f  hPTH-(1--34). Immediate ly  
f o l l o w i n g  an 18-day c o n t r o l  pe r iod ,  subcutaneous i n j e c t i o n s  o f  
hPTH-(1--34) were admin is te red  each day a t  6 AM, as i n d i c a t e d  by 
t h e  ba r  a t  t h e  t o p  o f  t h e  f i g u r e .  @--o r ep resen t s  t h e  low dose; 
A-A t h e  h i ghe r  dose. 
199-20-31-03 AUG 1980 
INVESTIGATIONS I N  HORMONAL CONTROL OF CALCIUM AND BONE METABOLISM 
R. M. Neer (Massachusetts General H o s p i t a l )  
Most ground-based i n v e s t i g a t i o n s  o f  bone r e s o r p t i o n  u t i l  i ze pro longed 
bedres t  f o r  a  space analog. Th i s  has been expensive and t ime consuming. 
A more e f f i c i e n t  method o f  s a f e l y  i n c r e a s i n g  bone r e s o r p t i o n  f o r  a  con- 
t r o l l e d  p e r i o d  o f  t ime  has r e c e n t l y  been developed. It i n v o l v e s  d a i l y  
subcutaneous i n j e c t i o n s  o f  a  p o r t i o n  o f  s y n t h e t i c  human p a r a t h y r o i d  hormone 
f o r  t h r e e  o r  f o u r  weeks. Using t h i s  analog, va r i ous  countermeasures can 
be tes ted ,  
The l o s s  o f  bone and bone ca l c i um d u r i n g  s p a c e f l i g h t  may be caused i n  p a r t  
by excess ive adrenal s e c r e t i o n  o f  c o r t i s o n e .  U r i n a r y  s e c r e t i o n  o f  f r e e  
c o r t i s o l  increases 1.5 - 2 f o l d  i n  f l i g h t .  
Exogenous co r t i sone ,  g i ven  i n  doses mimick ing  i t s  inc reased  endogenous 
s e c r e t i o n  d u r i n g  space f l  i g h t ,  w i l l  be used t o  s tudy  bone changes and 
whether drugs w i l l  p reven t  these changes. 
PUBLICATIONS 
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199-20-31-04 
MECHANISMS OF SKELEmL DETERIORATION 
S. I. A1 tchu le r  (NASA-JSC) 
AUG 1980 
The o v e r a l l  negat ive calc ium balance and the  os teoporo t ic  changes i n  
normal ly  weight-bearing long-bones are  r e v e r s i b l e  upon r e t u r n  t o  Earth, 
bu t  complete compensation f o r  t h e  losses i s  y e t  uncerta in.  
Animals flown onboard s a t e l l i t e s  e x h i b i t  a cessat ion o f  bone appos i t ion  
( o r  formatian) and a cont inuat ion,  a t  a decreased l e v e l ,  of bone resorp- 
t i o n .  The ingest ion  o f  h igh-pro te in  d ie ts ,  such as those offered i n  
c u r r e n t  space missions, cause increased u r i n a r y  calc ium exc re t i on  
(hypercal c i u r i a )  i n  both man and animals. 
This research e f f o r t  w i l l  study the  i n t e r a c t i o n s  o f  d i e t a r y  p r o t e i n  and 
a disuse model of space f l i gh t  osteoporosis i n  animals. Animals w i l l  be 
fed  a semi-synthet ic d i e t  o f  known composition, wh i l e  being maintained i n  
metabol i c  balance. Whole-body calc ium s ta tus  w i l l  be determined l o n g i  t u d i -  
n a l l y ,  and bone histomorphometry w i l l  be studied. 
The resu l  t s  of t h i s  research w i l l  he1 p determine whether d i e t a r y  changes 
aggravate the  development of spacef l igh t  osteoporosis and whether d i e t a r y  






Implar t ted coliiposi t e .  Porotrs a ~ i d  hy l l ruph i  l i c  i n  n a t u r e ,  t h e  ~ i i ~ p l  
i s  coniposed o f  a  c r a s s l i n k e d  p o l / ~ ~ c t ~ y l i r :  i r ia t rs ix ,  r e i n f o r ~ c e d  w i t h  
a lumina  p a r t i c l e s .  The degree o f  b i o c o r n p a t i b i l i t y  o f  t h e  in ip lan  
i n  v i v o  i s  v e r y  c r i t i c a l  t o  t h e  t i s s u e  response. 
-- 
Bone- implant  i n t e r f a c e .  Bone c e l l s  a r e  i n  d i r e c t  c o n t a c t  
w i t h  and e x t e n d  i n t o  t h e  porous i m p l a n t  w a l l .  No f i b r o u s  
t i s s u e  f o r m a t i o n  o r  o t h e r  s i g n s  o f  r e j e c t i o n  have been 
found i n  any o f  t h i s  t y p e  o f  composi te i m p l a n t  t o  da te .  
Four . femural i m p l a n t s .  N o t a b l e  bone a c t i v i t y  has taken p l a c e  6 wks 
p o s t - o p e r a t i v e l y .  E l e c t r o n  mic roprobe  a n a l y s i s  w i l l  be used t o  
compare t h e  degree o f  m i n e r a l i z a t i o n  induced  by t h e  v a r i o u s  i m p l a n t s  
a t  t h e  end o f  each i m p l a n t  p e r i o d .  
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BONE GROWTH AND ALTERATION V I A  ENDOSS EOUS IMPLANTS 
I. L. Kame1 (Drexel  U n i v e r s i t y )  
Th is  t ask  i n v e s t i g a t e s  t h e  degree o f  bone f o rma t i on  due t o  s t r ess -  
induced p h y s i o l o g i c a l  changes. The novel approach i n t r oduced  by t h i s  
p r o j e c t  induces a  s t r e s s  f i e l d  u s i n g  a  s w e l l i n g  endosseous imp lan t ,  which 
a l l ows  t h e  c o n t r o l  o f  s t r e s s  l e v e l  and r a t e  o f  a p p l i c a t i o n .  
Th is  procedure has been successfu l  i n  t h e  s t i m u l a t i o n  o f  bone fo rmat ion  
a t  t h e  implant-bone i n t e r f a c e ;  bone fo rmat ion  acce le ra tes  when t h e  proper  
s t r e s s  l e v e l  i s  a p p l i e d  t o  t h a t  i n t e r f a c e .  Recent f i n d i n g s  through animal 
s t ud ies  i n d i c a t e  t h a t  b o t h  t h e  r a t e  o f  pressure a p p l i c a t i o n  and t h e  f i n a l  
s t r e s s  l e v e l  a r e  impo r tan t  t o  bone s t i m u l a t i o n .  
The r e l a t i o n s h i p  between the  optimum pressure l e v e l  and t he  r a t e  o f  
pressure appl i c a t i o n  i s  c u r r e n t l y  under s tudy  i n  a  s e r i e s  o f  femural 
imp lan ts .  The bone response i s  eva lua ted  r a d i o g r a p h i c a l l y  and h i s t o -  
l o g i c a l l y  i n  o rde r  t o  r e l a t e  t h e  degree o f  m inera l  i z a t i o n  t o  t h e  app l i ed  
s t r e s s  f i e l d .  
PUBLICATIONS 
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Computed tomography (CT) scans of two sub jec t s  a t  t h e  leve l  of  t h e  f i r s t  lumbar 
ver tebra  ( L l )  before and a f t e r  17 wks of  bedres t .  A s e r i e s  of  18-20 scans through 
L 1  and L2 a r e  used t o  obta in  q u a n t i t a t i y e  information shown on t h e  f igu re .  El l ip-  
t i c a l  region o f  i n t e r e s t  def ines  a  4 cm volume element used f o r  mineral ana lys i s .  
Top: Untreated control  s u b j e c t  who l o s t  12.5% of  sp ina l  cancel lous mineral in the  
17 wks of  bedres t .  Bottom: Subj-ect t r e a t e d  with d i c h l o r o m e t h y l d i p h o s p h o n a t e  ( c lo -  
dronate)  showed no s i g n i f i c a n t  change in  ver tebra l  mineral content  during bedrest .  
The s t r e a k  a r t i f a c t s  in  t h e  lower images a r e  due t o  t h e  very low X-ray dose used in 
these  s t u d i e s .  Note a l s o  t h e  pos i t i on  of  t h e  1 i v e r  (1) and spleen ( 2 ) ,  which have 
s h i f t e d  higher  in the  body. 
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Q U A N T I F I C A T I O N  OF BONE MINERAL BY COMPUTED TOMOGRAPHY 
H. K .  Genant ( ~ n i v e r s i t y  of  California School of  Medicine) 
Cancellous bone comprises only 25% of t o t a l  bone volume, but accounts 
f o r  50% of t o t a l  bone turnover. The project  focuses on the  determination 
of cancellous vertebral  mineral content. A quan t i t a t ive  computed tomo- 
graphic (QCT) technique has been developed fo r  t h i s  purpose. 
The QCT technique adequately detected vertebral  mineral loss  i n  untreated 
male subjects  a f t e r  17 weeks of bedrest.  -- In vivo precision fo r  t h i s  
technique i s  1.5%, and spinal mineral changes of 3-4% a r e  detectable .  
The s e n s i t i v i t y  of the  system allows precise monitoring of treatment t o  
determine the effect iveness  of  drug o r  exercise therapy. 
PUBLICATIONS 
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2. Cann, C.  E . ,  Genant, H .  K., Ett inger ,  B., Kolb, F. O . ,  Gordan, G .  S . ,  and 
Arnaud, C. D. "Spinal mineral by computed tomography-comparison w i t h  peri-  
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Society fo r  Bone and Mineral Research, Washington, D . C . ,  1980. 
3. Genant, H .  K . ,  Cann, C .  E . ,  E t t inger ,  B e ,  and Gordan, G. S. "Bone 
mineral determination i n  the  axial  and appendicular skeleton.  " (Abstract)  
The Endocrine Society Annual Meeting, Washington, D . C . ,  1980. 
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V I T A M I N  K- AND V I T A M I N  8-DEPENDENT REGULATORY MECHANISMS I N  CALCIUM HOMEOSTASIS 
Normal ca lc ium balance i s  r egu la ted  by t h e  coo rd ina ted  mo lecu la r  a c t i o n  
o f  a  v a r i e t y  o f  biochemical  agents, among which two emerge as be ing  p a r t i c u -  
l a r l y  impor tan t :  (1) t h e  v i t a m i n  D-der ived me tabo l i t es  and ( 2 )  t he  r e c e n t l y  
d iscovered  v i t a m i n  K-dependent, ca lc ium b i n d i n g  p r o t e i n s  (CaBPs) o f  bone 
and k idney.  A thorough understanding o f  t h e i r  mechanisms o f  a c t i o n  a t  t h e  
c e l l u l a r  and biochemical  l e v e l s  i n  t h e  maintenance o f  t h i s  c r i t i c a l  ca lc ium 
homeostasis i s  f a r  f rom complete. Therefore,  e f f o r t s  a r e  be ing  d i r e c t e d  
toward s tudy ing  t h e  mo lecu la r  bas is  o f  bo th  v i t a m i n  D and v i t a m i n  K meta- 
bo l i sm  as i t  r e l a t e s  t o  t h e  maintenance o f  ca l c i um homeostasis, no rma l l y  and 
i n  space. 
One major  o b j e c t i v e  i s  t h e  q u a n t i t a t i v e  a n a l y s i s  o f  se lec ted  v i t a m i n  D 
metabol i t e s  and o f  f r e e  and prote in-bound y-carboxygl  utamate ( v i t a m i n  K- 
dependent) res idues  i n  plasma and u r i n e  samples from s p a c e f l i g h t  crews and 
bedres t  sub jec ts .  The necessary procedures and assays have been developed 
and t es ted .  A1 t e r e d  1 eve1 s  o f  these metabol i t e s  r e f 1  e c t  m inera l  imbalances 
and p rov ide  n o t  o n l y  f u n c t i o n a l  i n f o rma t i on ,  b u t  t h e r a p e u t i c  and d i a g n o s t i c  
i n f o r m a t i o n  as w e l l .  
Another focus o f  research  i s  t h e  r o l e  o f  t h e  v i t a m i n  K-dependent CaBPs o f  
k idney  i n  t h e  rena l  hand l i ng  and metabol ism o f  ca lc ium.  Th is  i n v o l v e s  t h e  
p u r i f i c a t i o n ,  l o c a l i z a t i o n ,  and c h a r a c t e r i z a t i o n  o f  t h e  CaBPs o f  c h i c k  
k idney  us ing  s tandard biochemical  techniques and assays. 
PUBLICATIONS 
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DETERMINATION OF CALCIUM REGULATING HORMONES IN PROLONGED BEDREST A N D  
SPACE TRAVEL 
C.  D. Arnaud (Fort  Miley VA Hospital) 
Levels of calcium regulating hormones were determined i n  14 young, 
healthy male volunteers d u r i n g  ten weeks of control (ambulation) and 
17 weeks of bedrest. Nine other  subjects were observed during three  
weeks of ambulation, s i x  weeks of ambulation w i t h  treatment, and 14 
weeks of bedrest w i t h  treatment. Subjects were t reated w i t h  clodronate, 
which has been shown t o  i n h i b i t  bone loss  i n  several animal experiments. 
Parathyroid hormone, vitamin D, and calc i tonin  were measured weekly. 
Blood was drawn every four hours a t  three  d i f fe ren t  points during the  
study (once during untreated ambulation, twice during bedrest weeks 5 
and 15) t o  determine diurnal changes i n  these hormones. 
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BONE METABOLISM AND BIOMECHANICS 
D. R. Young (NASA-ARC) 
Various methods have been used t o  eva lua te  bone minera l  l o s s  i n  a  r e s t r a i n e d  
monkey. S tud ies  u s i n g  photon absorp t iomet ry ,  rad iography  and X- and 
gamma-ray computer tomography showed t h a t  immob i l i zed  monkeys l o s t  10-22% 
o f  bone minera l  f rom t h e  t i b i a  and lumbar ve r t eb rae  w i t h i n  t h r e e  t o  s i x  
months. It took  e i g h t  months o f  recovery  and r e h a b i l i t a t i o n  t o  r ep lace  
t i  b i a l  m inera l  con ten t  and s t r eng th .  Ne i t he r  e l e c t r i c a l  s t i m u l a t i o n  o f  
t h e  bone n o r  h i g h  ca l c i um d i e t  prevented bone demineral  i z a t i o n  d u r i n g  t h e  
immobil i z e d  per iod .  
The mechanisms u n d e r l y i n g  t h i s  m inera l  l o s s  a r e  y e t  unc lear .  Calcium k i n e t i c  
s t ud ies  demonstrate a  l a r g e  i nc rease  i n  bone t u rnove r  and r e s o r p t i o n  r a t e s  
d u r i n g  immob i l i za t i on ,  i n d i c a t i n g  t h a t  f a c t o r s  promot ing t h e  syn thes is  and 
d e s t r u c t i o n  o f  bone t i s s u e  a r e  invo lved .  The pH o f  b lood  becomes more bas i c  
d u r i n g  immob i l i za t i on ,  i n d i c a t i n g  a  d i s r u p t i o n  o f  t h e  bone b u f f e r  system. 
Fu tu re  research w i l l  focus on t h e  r o l e  o f  p a r a t h y r o i d  hormone and a ldos te rone  
i n  acid-base s t a t u s .  
PUBLICATIONS 
1. Cann, C. E., Genant, H. K., and Young, D. R. "Comparison o f  v e r t e b r a l  
and pe r i phe ra l  m inera l  losses  i n  d i suse  os teoporos is  i n  monkeys." 
RADIOLOGY 134:525-529, 1980. 
2. Young, D. R., Howard, W .  H., Cann, C. E,, and Stee le,  C. R. "Noninvasive 
measures of  bone bending r i g i d i t y  i n  t he  monkey (M. nemestr ina) . "  CALC 
TISS INTL 27:109-15, 1979. 
3. Young, D. R. "Radiographic evidence o f  d isuse  os teoporos is  i n  che 
monkey (M. nemestr ina)  . " PHYSIOLOGIST 22(5)  : 108, 1979. 

BONE ELASTICITY 
C .  R .  Steele (Stanford University School of Engineering) 
A microprocessor controlled device has been developed that  can measure 
noninvasively the gross bending s t i f fness  of bones. This device (called 
SOBSA) i s  portable and can col lect  and analyze data on one bone in seconds 
(previous methods require hours). 
The ulnas of about 300 human subjects have been measured. Also measured 
were ulnas and t ib i a s  in two monkeys subjected to  s ix  months of confine- 
ment and in a control monkey. Correlation between bone s t i f fness  and 
mineral content was excel 1 ent . 
Several inadequacies of the prototype device are  apparent: high sens i t iv i ty  
to  interference from other equipment, large error  in the data analysis a l -  
gorithm, and a high var iab i l i ty  among operators in positioning of the subjects. 
Future plans incl ude the development of SOBSA-2 specifical l y  for testing 
monkeys and SOBSA-3 for  humans, both without the deficiencies of SOBSA-1. 
PUBLICATIONS 
None 
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PHOTON ABSORPTIQMEYRIC METHODS FOR MEASURES OF BODY COMPOSITION 
R .  B .  Mazess ( ~ n i v e r s i t y  of  Wisconsin) 
Photon absorpt iometr ic  techniques have been developed t o  measure mineral 
content  i n  bone and f l u i d  accumulation in s o f t  t i s s u e .  The technique has 
exhibi ted e r r o r s  in  prec is ion  and i n  accuracy of  l e s s  than 2%. Special 
instrumentation allows d i r e c t  measurement of  the  lumbar sp ine  and femoral 
neck. This type of  scanner wil l  a i d  in diagnosis  and monitoring of bone 
changes with d i sease ,  immobilization, and therapy.  
Total body bone scans were developed and evaluated in  normal sub jec t s  and 
p a t i e n t s .  These scans measure not only t o t a l  body calcium a t  very low doses 
of  r ad ia t ion  ( <  1 mrem), but bone mineral and body composition in a l l  body 
a reas  a s  we1 1 . 
Precision in measurements, p a r t i c u l a r l y  f o r  femoral neck determinat ions,  wil l  
be improved. Future s t u d i e s  wil l  a l s o  examine t h e  cont r ibut ion  of  absorp- 
t iometry t o  conventional nuclear  medicine bone scans in order  t o  allow 
b e t t e r  l o c a l i z a t i o n  and correc t ion  o f  emission scan da ta .  
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CALCIUM HOMEOSTASIS I N  ALTERED GRAVITY 
E .  M. H o l t o  
I n  a d d i t i o n  t o  f l u i d  s h i f t s  and decreased l o a d i n g  on bones, a l t e r a t i o n s  i n  
hormonal l e v e l s ,  b lood  f low,  and neura l  i n p u t  may a l s o  c o n t r i b u t e  t o  t h e  
changes i n  ca lc ium metabol ism observed d u r i n g  space f l  i g h t .  Th is  e f f o r t  
focuses on e l u c i d a t i n g  t h e  mechanisms i nvo l ved  and t h e  1  eve1 o f  o r g a n i z a t i o n  
r e q u i r e d  ( c e l l  , organ, o r  whole animal ) . 
Experimental  evidence shows t h a t  bone c e l l  s  have 1,25-(OH) D3 recep to rs .  
Th is  imp1 i c a t e s  t h e  invo lvement  o f  t h e  a c t i v e  m e t a b o l i t e  o f  v i t a m i n  D i n  
bone metabol ism. 
A  p r o t e i n  t h a t  i n h i b i t s  bone f o rma t i on  has been found t o  be produced by bone 
i n  organ c u l t u r e .  Fu r the r  c h a r a c t e r i z a t i o n  o f  t h e  p r o t e i n  and t h e  determin- 
a t i o n  o f  i t s  p h y s i o l o g i c a l  r o l e  may be s i g n i f i c a n t  i n  t h e  e l u c i d a t i o n  o f  
mechanisms o f  bone d e m i n e r a l i z a t i o n  i n  s p a c e f l i g h t .  
Fu tu re  s tud ies  w i l l  f u r t h e r  def ine t h e  e f fec ts  o f  hormones i n  i s o l a t e d  bone 





I n t e r i o r  view o f  52 - f t  diameter c e n t r i f u g e .  Swivel- 
mounted cages can be a t  any pos i t i on  a t  t h e  end of  
any one of  t h e  t en  r a d i a l  t r a c k s .  Copper sh ie lded  
cages a r e  used f o r  biotelemetry measurements ( h e a r t  
r a t e ,  temperature)  and small e r  cages f o r  small e r  
animals ( r a t s ,  mice) .  Feeding and waste removal of  
animals a r e  accounted f o r .  Animals can be viewed 
from t h e  s t a t i o n a r y  platform (on r i g h t )  o r  from 
remote cont ro l  t e l e v i s i o n  . 
CENTRIFUGED DOGS CONTROL DOGS 
Ul na bones of  chronical  l y  cent r i fuged  ma1 e beagles 
( 6  mos, 2.5 G )  versus c o n t r o l s .  Centrifuged bones 
a r e  s i g n i f i c a n t l y  s h o r t e r  and t h e i r  c ros s - sec t ions  
t h i c k e r  (26% increased mean s a g i t t a l  d iameter )  than 
cont ro l  bones. 
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HYPER- AND HYPOGRAVITY EFFECTS ON MUSCULOSKELETAL SYSTEM OF BOGS 
J. Oyama (NASA-ARC) 
Through ground-based c e n t r i f u g e  s tud ies ,  e f fec ts  o f  bo th  increased and 
decreased g r a v i t a t i o n a l  f o r c e  on bone growth, development, and remodel ing 
a r e  under i n v e s t i g a t i o n .  The f i n d i n g s  shoul d he1 p e l  u c i d a t e  mechanisms 
o f  bone d e m i n e r a l i z a t i o n  d u r i n g  pro longed s p a c e f l i g h t  and assess t h e  use 
o f  t h e  c e n t r i f u g e  as a countermeasure. 
Blood of  c h r o n i c a l l y  c e n t r i f u g e d  (2.56) beagle dogs has been analyzed f o r  
t h e  response of  va r i ous  bone- re la ted  hormones t o  hype rg rav i t y .  These dogs 
have been c e n t r i f u g e d  f o r  up t o  one year .  
T e t r a c y c l i n e  and photon absorp t iomet ry  measurements on bones from 3-month, 
hypergrav i t y -adap ted  young dogs a r e  near complet ion.  
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$REVENTION OF DISUSE ATROWY OF IN RATS 
DIETARY VEaSUS SWCUTANEOUS ACETAZOLAMIDE 
EFFECTIVE DOSES 
INJECTION INFUSION 
(2x DAILY) ( MINIPUMP) 
Effectiveness o f  anti-bone loss drug as altered by mode of 
administration. Acetazolamide decreases denervation-induced 
bone loss in rats, but its effectiveness is dependent on 
its mode of administration. As can be seen from the graph, 
subcutaneous infusion using the osmotic minipump is the 
most effective, requiring only 8 mg/kg/d. 
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PHARMACOLOGICAL PREVENTION O F  BONE LOSS 
A. D. Kenny (Texas Tech Hea l t h  Sciences Center School o f  Medicine) 
S tud ies  i n  t h e  r a t  demonstrated t h a t  t he  carbon ic  anhydrase i n h i b i t o r y  drug, 
ace tazo l  amide, n o t  o n l y  b l  ocks p a r a t h y r o i d  hormone-i nduced bone r e s o r p t i o n  
b u t  a l s o  prevents  t h e  development o f  d isuse  os teoporos is .  Th is  t a s k  extends 
these i n v e s t i g a t i o n s  t o  exp lo re  more f u l l y  t h e  p o t e n t i a l  usefu lness o f  
acetazol  amide and re1  a ted  drugs f o r  t h e  p reven t ion  o f  ca lc ium 1  oss . 
Acetazolamide e f f e c t i v e l y  decreases denervat ion- induced bone l o s s  i n  r a t s  
when admin is te red  by cont inuous subcutaneous i n j e c t i o n  u s i n g  t h e  osmotic 
m i n i  pump. The i n c o r p o r a t i o n  o f  a  b u f f e r  (THAM) i n  t h e  ace tazo l  amide s o l u t i o n  
enhances t h e  e f f ec t i veness  o f  t h e  drug. When admin is te red  a t  doses e f f e c t i v e  
i n  reduc ing  bone l o s s  b u t  much l e s s  than normal t h e r a p e u t i c  l e v e l s ,  aceta- 
zolamide has no s i g n i f i c a n t  e f f e c t  on b lood acid-base balance. 
Benzolamide, another  carbon ic  anhydrase i n h i b i t o r ,  i s  i n  some respec ts  
l e s s  harmful than acetazolamide b u t  i s  a l s o  l e s s  e f f e c t i v e  i n  p reven t ing  
bone l o s s .  
Fur ther  work w i l l  be done t o  t e s t  t h e  e f f e c t i v e n e s s  o f  combining acetazola-  
mide w i t h  benzolamide and o t h e r  agents known t o  p reven t  bone l o s s  t o  
uncover a  t he rapeu t i c  combinat ion# o f  drugs which may be admin is te red  a t  
doses t h a t  min imize s i d e  e f f ec t s .  
PUBLI CAT1 ONS 
1. Kenny, A. D. " P r o t e c t i v e  e f f e c t  o f  pa ren te ra l  acetazolamide i n  a  r a t  
model o f  d isuse  a t rophy  o f  bone." PHARMACOLOGIST 20:152, 1978. 
2.  Kenny, A. D., Yee, J. A., and Lu there r ,  L.  0. " I n h i b i t i o n  o f  d isuse  
a t rophy  o f  bone i n  r a t s  by cont inuous subcutaneous i n f u s i o n  o f  acetazolamide."  
CALC TISSUE INT 28:157, 1979. 
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199-20-32-15 NOV 1980 
A  RAPID, SENSITIVE, SELECTIVE RADEOIMMUNOASSAY FOR OSTEOCALCIN 
P. X.  Cal lahan (NASA-ARC) 
A n a l y t i c a l  methods f o r  o s t e o c a l c i n  a re  h e a v i l y  dependent on d e t e c t i o n  o f  i t s  
component amino ac id ,  y-carboxyglutamic a c i d .  Prev ious methods have been 
ted ious  and d i f f i c u l t .  An e f f i c i e n t  radioimmunoassay has been developed 
which i s  capable o f  d e t e c t i n g  ve ry  low l e v e l s  o f  o s t e o c a l c i n  w h i l e  m a i n t a i n i n g  
r e p r o d u c i b i l i t y .  
Th is  assay has been used t o  demonstrate a  t e n - f o l d  inc rease  i n  c i r c u l a t i n g  
os teoca l  c i n  i n  r a t s  f rom one day be fo re  b i r t h  t o  a  peak a t  t e n  days o f  age, 
and has demonstrated t h a t  serum l e v e l s  respond i n  d i r e c t  p r o p o r t i o n  t o  
we igh t  ga in  i n  hypophysectomized r a t s  t h a t  have been supplemented w i t h  
growth hormone. It has a1 so determined t h a t  c e r t a i n  ( p robab l y  damaged) 
y-carboxyglutamic ac id - con ta in i ng  p r o t e i n s  a r e  n o t  o s t e o c a l c i n .  
Work i s  i n  progress on gross and mic roscop ic  an t i body  l o c a l i z a t i o n  o f  osteo-  
c a l c i n  i n  bone specimens, i n c l u d i n g  work on: t h e  e f f e c t s  o f  va r i ous  drugs 
on os teoporos is  i n  man i n  r e l a t i o n  t o  t h e  l e v e l s  o f  o s t e o c a l c i n  i n  bone 
and blood; t h e  e f f e c t s  o f  hormones on o s t e o c a l c i n  i n  r e l a t i o n  t o  t h e  normal 
c a l c i f i c a t i o n  process; and t h e  mic roscop ic  l o c a l i z a t i o n  o f  o s t e o c a l c i n  
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4. MUSCLE ATROPHY 
U P N  PI SHORT T ITLE 
199-20-41-05 Booth A n t i g r a v i t y  Muscle F i b e r  A1 t e r a t i o n s  
199-20-41-07 Fi t t s  Skel e t a 1  Muscle A1 t e r a t i o n s  w i t h  Disuse 
199-20-42-01 El 1 i s  P r o t e o l y s i  s i n  Muscl e Atrophy 
199-20-42-02 El 1 i s  Growth F a c t o r s  i n  Muscle Atrophy 
199-20-42-03 Grindeland Growth Hormone i n  P r o t e i n  Balance  
199-20-42-04 Ginoza P r o t e i n  Turnover i n  Atrophy and Hypertrophy 
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INTRODUCTION 
The decrease i n  c a l f  g i r t h  d u r i n g  s p a c e f l i g h t  i s  n o t  o n l y  due t o  headward 
f l u i d  s h i f t s ,  b u t  t o  muscle breakdown as w e l l  ; Sky lab and Cosmos space- 
f l  i g h t s  i n d i c a t e d  s i g n i f i c a n t  a t r ophy  o f  s k e l e t a l  muscles.  Data on 
human sub jec t s  from 28- and 56-day Sky lab f l i g h t s  i n d i c a t e d  a  25% l o s s  
i n  l e g  s t r e n g t h  and volume. I n  t h e  84-day Sky lab f l i g h t ,  t r e a d m i l l  
e x e r c i s e  was employed and o n l y  a  7-8% l o s s  was found, a l t hough  t h e  r e -  
d u c t i o n  was h a r d l y  s u f f i c i e n t ,  and nega t i ve  n i t r o g e n  balance pe rs i s t ed .  
The o v e r a l l  aims o f  t h i s  r esea rch  program a r e  t o  determine t h e  u n d e r l y i n g  
causes o f  t h e  a t r ophy  observed i n  t h e  s k e l e t a l  muscle o f  bo th  humans and 
an imals  d u r i n g  s p a c e f l i g h t  and t o  develop s u i t a b l e  measures t o  coun te r  these 
undes i r ab le  changes. S p e c i f i c  o b j e c t i v e s  a r e  t o  develop and v a l i d a t e  
methods f o r  m o n i t o r i n g  t h e  r a t e  o f  a t rophy ,  t o  conduct bas i c  research  on 
b iochemica l  and p h y s i o l o g i c a l  mechanisms which r e g u l a t e  muscle mass and 
f u n c t i o n ,  and t o  i n v e s t i g a t e  p o s s i b l e  countermeasures. 
The r o l e  o f  phys i ca l  a c t i v i t y  and g r a v i t a t i o n a l  f o r c e  i n  t h e  maintenance 
o f  muscle mass and f u n c t i o n  i s  i n v e s t i g a t e d ,  as i s  t h e  r o l e  o f  muscle 
i n n e r v a t i o n  and hormones. As w i t h  bone d e m i n e r a l i z a t i o n  d u r i n g  we igh t l ess -  
ness, whether muscle was t i ng  i s  a  r e s u l t  o f  decreased f o rma t i on  o r  inc reased  
breakdown i s  t h e  s u b j e c t  of much research.  The a n t i g r a v i t y  muscles 
(e.g., so leus muscle) seem t o  be more a f f e c t e d  than  o t h e r  muscles and a r e  
thus  t h e  usual  o b j e c t  o f  these i n v e s t i g a t i o n s .  
8 
I n  animal s t ud ies ,  muscle a t r ophy  i s  most o f t e n  produced by  l i m b  immob i l i -  
z a t i o n  w i t h  cas ts ,  denerva t ion ,  o r  tenotomy. The a t r o p h i c  process i s  
mon i to red  by measurement o f  p r o t e i n  degrada t ion  r a t e s  and o f  enzyme a c t i v i t i e s .  
I n  human s tud ies ,  muscle a t r ophy  i n  l imbs  i s  induced by  bedres t  and moni- 
t o r e d  by muscle b i ops ies ,  computer -ass is ted tomography, and a n a l y s i s  o f  
muscle metabol i t e s  and enzymes. Noninvas ive means o f  m o n i t o r i n g  more 
s e n s i t i v e l y  and s e l e c t i v e l y  t h e  mass of  i n d i v i d u a l  muscles i n  human sub jec t s  
a r e  be ing  developed. 
Countermeasures under c o n s i d e r a t i o n  i n c l u d e  d i f f e r e n t  e x e r c i s e  regimes, 
n u t r i t i o n ,  and pharmacolog ica l  agents .  E f f e c t i v e  means o f  p reven t i ng  and/or 
t r e a t i n g  muscle a t r ophy  a r e  y e t  t o  be d iscovered.  





Why muscle gets smaller in space. In the normal muscle, formation equals 
breakdown. In the muscle in weightlessness, formation ra te  decreases and 
breakdown increases. As a resu l t ,  not enough of the muscle in weightless- 
ness i s  replaced, and th i s  muscle gets smaller in s ize .  
BIOCHEMICAL ADAPTATIONS OF ANTIGRAVITY MUSCLE FIBERS TO DISUSE ATROPHY 
F. W .  Booth ( U n i v e r s i t y  o f  Houston) 
The purpose of  these s tud ies  i s  t o  determine why weight lessness causes 
s k e l e t a l  muscles t o  a t rophy .  The soleus muscle o f  r a t s  was se lec ted  fo r  
examinat ion because i t  i s  composed o f  85% a n t i - g r a v i t y  muscle f i b e r s .  
Biochemical  and p h y s i o l o g i c a l  changes o c c u r r i n g  d u r i n g  and a f t e r  90 days 
o f  i m m o b i l i z a t i o n  were s tud ied .  Evidence suggests t h a t  t h e  decrease i n  
fo rmat ion  o f  muscles i s  a  g r e a t e r  cause o f  a t r ophy  than an inc rease  i n  
muscle breakdown. 
C u r r e n t l y  be ing addressed i s  t h e  ques t ion  o f  why muscle f o rma t i on  i s  slowed 
by immob i l i za t i on .  I t  has r e c e n t l y  been found  t h a t  i n s u l i n ,  a  growth pro- 
mot ing  hormone, does n o t  a f f e c t  muscles o f  immob i l i zed  l imbs  as i t  does 
normal s k e l e t a l  muscles. S tud ies  as t o  how i n s u l i n  a f f e c t s  muscle format ion 
a re  be ing  cont inued.  A lso  be ing  con t inued  a r e  s t u d i e s  t o  determine t h e  
q u a l i t y  and q u a n t i t y  o f  d a i l y  exe rc i se  r e q u i r e d  t o  p reven t  muscular a t rophy.  
PUBLI CATIONS 
1. Booth, F. W .  and Seider ,  M. J. "Recovery o f  s k e l e t a l  muscle a f t e r  3  
months o f  h i nd l imb  i rnmo.bi l izat io? i n  r a t s . "  J  APPL PHYSIOL 47:435-439, 
1979. 
2. Seider,  M. Jay Kapp, R . 3  Chen, C. P., and Booth, F. W. "The e f f e c t s  
o f  c u t t i n g  o r  of  s t r e t c h i n g  s k e l e t a l  muscle i n  v i t r o  on t h e  r a t e s  o f  
p r o t e i n  syn thes is  and degrada t ion . "  B I O C H E M T  188:247-254, 1980. 
DAYS 
INOMOBI LIZED 
Muscle atrophy with d isuse .  SOL, slow soleus muscle; E D L ,  f a s t  
extensor digitorum longus muscle; SVL, f a s t  super f i c i a l  vastus 
l a t e r a l i s  muscle. 
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AUG 1980 
A L T E R A T I O N S  I N  S K E L E T A L  MUSCLE WITH D I S U S E  ATROPHY 
R .  H . Fi t t s  (Marquette University) 
This project investigates, via l imb immobil ization, the physiological and 
molecular a1 terations associated with muscle atrophy. 
Studies on the ra te  and extent of change due to  disuse in both fas t  and 
slow muscles reveal that  the slow muscles undergo a greater degree of 
atrophy and force decrease than the f a s t  muscles, a1 though a l l  muscles 
exhibit some loss in weight and force. In addition, biochemical studies 
reveal that  slow muscles have an impaired a b i l i t y  to  regulate intracellu- 
l a r  calcium. 
The time course of recovery from s ix  weeks of disuse has been determined. 
Physiological properties recover within two weeks, with the exception of 
peak forced output, which requires u p  t o  eight weeks. More recent findings 
suggest that prolonged disuse (90 days or more) requires more time; i r reversi-  
bl e changes in muscle function are a1 so possible. Therefore, selected 
physiological and biochemical properties of muscle are  being studied to 
determine the time course of recovery a f t e r  120 days of disuse. 
Future plans include a ser ies  of experiments to determine i f  the debi l i ta t ing 
effects  of weightlessness can be prevented or retarded by a regular program 
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JUN 1980 
PROTEOLYSIS IN MUSCLE ATROPHY 
S .  El 1 i s  (NASA-ARC) 
The focus of this  project i s  a recently discovered lysosomal tripeptidyl 
aminopeptidase (TAP). Lysosomes have been imp1 icated as a possible 
contributor to  muscle atrophy following denervation, tenotomy, immobili- 
zation of limbs, or prolonged spaceflight, b u t  the means by which lyso- 
soma1 ac t iv i ty  i s  regulated are  not understood. 
Immunochemical and histochemical methods will be used to  localize TAP in 
the lysosome. In addition, the effect  of specific inhibitors of TAP on 
the proteolytic action of TAP will be assessed. Finally, the amino acid 
and carbohydrate composition and sequence of pure TAP will be determined. 
Since intracel lular  proteases are  the agents by which protein degradation 
i s  accompl ished, the complete characterization of TAP should contribute to 
a better understanding of the mechanism of muscle atrophy in immobilization 
and weightlessness . 
PUBLICATIONS 
None 
Page Intentionally Left Blank
DEC 1980 
GROWTH FACTORS I N  MUSCLE ATROPHY 
S.  El 1 i s  (NASA-ARC) 
According t o  the neurotrophic hypothesis, a regulatory growth factor which 
controls the physiological properties of s t r ia ted  muscle as well as i t s  
ce l lu la r  mass can be isolated from the innervating nerves. In th i s  pro- 
jec t ,  an attempt will be made t o  i so la te  and characterize th i s  neurotrophic 
factor in the chicken. 
The chemical characterization will consist of determining the distribution 
of neurotrophic factor among different  muscle types and the changes in i t s  
concentration in nerve and muscle with ac t iv i ty  and work load. 
The investigators will also determine -- in vivo and -- in vi t ro effects  on acetyl 
cholinesterase ac t iv i ty ,  acetyl choline sens i t iv i ty ,  protein synthesis, 
and muscle mass. 
PUB LI CAT1 ONS 
1. E l l i s ,  S. and Divor, A .  R .  "Specificity and lysosomal localization of 
tr ipeptidyl amino-peptidase." FED PROC 38:832, 1979.  
Gri ndel and  
42-03 
CONCENTRATIONS OF BMMUNOREACTIVE AND BlOASSAYABLE 
GROWTH HORMONES lN THE PITUITARY GLAND AND PLASMA 
4 
EFFECT OF BODY PROTEIN BALANCE ON PLASMA 





LIMITED PROTEIN DIET 
IIR-GH VALUES DO NOT DIFFER (px .05 )  
'ALL BA-GH VALUES DIFFER FROM EACH OTHER (p<O.05) 
OCT 1980 
R O L E  OF BIOASSAYABLE GROGdTH HORMONE E N  PROTEIN BALANCE 
R .  E .  Grindeland (NASA-ARC) 
Growth hormone i s  a major regulator of protein synthesis. The hormone 
exis ts  in two forms : immunoreactive growth hormone (IR-GH) , which occurs 
i n  the pi tui tary gland in storage form, and the newly found bioassayable 
form (BA-GH) , which i s  the preponderant c irculat ing form. 
Results thus f a r  show tha t  the conversion of IR-GH to BA-GH i s  essential 
to biological action of the hormones and tha t  the secretion of both i s  
independently controlled. Significantly,  plasma concentrations of BA-GH 
( b u t  not IR-GH) parallel protein balances of animals in metabolic s t a t e s  
tha t  resu l t  from protein and/or calor ic  res t r ic t ion .  This suggests tha t  
blood BA-GH levels could be an indicator of protein balance. 
Current effor ts  include exploring the relationship between BA-GH secretion 
and protein balance i n  muscle wasting s t a t e s .  In order to  i so la te  and 
characterize BA-GH, a more sensit ive assay i s  being developed. The assay 
will also f a c i l i t a t e  more extensive physiological studies.  Understanding 
BA-GH physiology will help determine i f ,  as indirect  evidence suggests, BA- 
GH secretion decreases during spaceflight and thereby contributes to  the 
in -fl i  ght protein 1 osses . 
# 
PUBLICATIONS 
1. Grindeland, R .  E., Yang, S. H . ,  Osborne, S., and Fast, T. N .  "Stimulation 
of bioassayabl e growth hormone secretion by thyrotropin re1 easing hormone." 















199-20-42-04 SEP 1980 
PROTEIN TURNOVER OF ATROPHIED AND HYPERTROPHIED A N T I G R A V I T Y  MUSCLES 
FROM THE RAT 
H. S.  Ginoza (NASA-ARC) 
A  model which s imu la tes  many biochemical  and p h y s i o l o g i c a l  changes found 
i n  r a t s  r e tu rned  f rom s p a c e f l i g h t  i s  used t o  s tudy  p r o t e i n  metabol ism i n  
a n t i g r a v i t y  muscles. I n  t h i s  model, a  r a t  i s  suspended f rom a  back 
harness w i t h  f r o n t  paws t ouch ing  t h g  f l o o r  and h i n d  l imbs  hanging m i d - a i r .  
The head i s  t i l t e d  downward a t  a  30 angle t o  mimic t h e  f l u i d  s h i f t  observed 
i n  space. The r o l e  of  i n s u l i n  and g l u c o c o r t i c o i d s  i n  muscle a t rophy  i s  
be ing  s tud ied .  
The so leus muscles o f  suspended r a t s  l o s e  40-50% o f  muscle mass d u r i n g  a  
week o f  conf inement.  The l o s s  i s  due t o  a  r e d u c t i o n  i n  p r o t e i n  syn thes is .  
Th is  d i f f e r s  f rom t h e  a t rophy  o f  denervated muscles i n  which t he  l o s s  i s  
due t o  an inc reased  r a t e  i n  p r o t e i n  breakdown. A n t i g r a v i t y  muscles i n  
r a t s  exposed t o  4.16 f o r c e  f o r  1-12 weeks e x h i b i t e d  d i s t i n c t  hyper t rophy.  
The inc reased  s i z e  can be a t t r i b u t e d  t o  a  h i gh  r a t e  o f  muscle p r o t e i n  syn- 
t h e s i s ,  t he  reverse  o f  a t r o p h i c  mechanism. 
I nc l uded  i n  t he  p resen t  e f f o r t  w i l l  be t h e  de te rm ina t i on  o f  whether ca lc ium 
i o n s  f rom bone r e s o r p t i o n  a r e  assoc ia ted  w i t h  t h e  i n d u c t i o n  o f  muscle p ro -  
t e i n  degradat ion.  + 
PUBLICATIONS 
1. F u l l e r ,  D. D., Ginoza, H. S. ,  Morey, R. E., and Oyama, 3. " P r o t e o l y t i c  
a c t i v i t y  of  a t r o p h i e d  and hype r t r oph ied  s o l  eus muscle from r a t s .  " FED 
PROC 39:818, 1980. 
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5.  BLOOD ALTERATIONS 
UPN PI SHORT TITLE 
199-20-51-01 Taylor Morphometric Blood Cell Analysis 
199-20-51-03 A1 f r e y  Bl ood Vol ume Regul a t ion  
199-20-51-05 Dunn Erythropoiet in Inh ib i t ion  
199-20-51-09 George Plate1 e t  Function 
199-20-52-01 Leon Post-Hypoxia Red B1 ood Cell Response 
199-20- 52-03 Landaw Membrane Prote ins  and Erythrocyte Survival 
199-20-54-01 Cast1 eman Image Analysis Hematology 
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INTRODUCTION 
A significant reduction in the circulating red ce l l  mass and a rapid, 
sustained depletion in plasma volume were f i r s t  observed during the Gemini 
missions. These findings were l a t e r  substantiated during subsequent Apollo 
and Skylab missions. During the longer spaceflights,  red cel l  surface to- 
pography and structure were a1 tered, accompanied by changes in the structure 
of other types of blood c e l l s  and the i r  transporting vessels. Changes were 
also noted in red cell  membranes, in white cel l  populations, and in some 
plasma protein cor~centrations. Research i n  the program i s  directed toward 
an understanding of these problems and of those anticipated in future 
missions. 
Ground-based research projects designed to  investigate the possible mecha- 
nisms of the observed blood changes include spaceflight simulations and in- 
volve both human and animal subjects. Because most of the data suggest a 
reduced production as the probable cause of the red cel l  mass loss ,  erythro- 
poeisis studies are of great  importance. The complexity of the erythropoietic 
process i s  addressed in the development of a computer model. 
I t  was i n i t i a l l y  proposed that  the high concentration of oxygen in the 
spacecraft atmosphere induced the red cel l  mass loss .  Data from Gemini and 
Apollo f l i gh t s  corroborated th i s  view, b u t  data from Skylab f l igh t s  did not. 
Some other factor character is t ic  of the spaceflight environment appears to  
be causing the suppression of red cel l  production tha t  i s  not immediately 
relieved with a return to  Earth, 'a1 though in longer f l i gh t s  such as the 
Skylab 4 mission, the red cel l  mass seems to begin recovery before r_e-entry. 
Supplementary ef for t s  in th i s  program involve the definit ion and testing of 
procedures and equipment for  ground-based and in-f l ight  investigations. Ana- 
l y t i  cal procedures under development; i nc1 ude the -- i n vi t r o  assessment of 
blood cell  functional capacity using structural and biochemical techniques, 
i n-fl ight mi croprocedures fo r  blood sampl i ng , processing , and analysis , and 
automated data analysis and cel l  c lassif icat ion techniques. Other areas of 
research to  which these procedures apply include: changes i n  blood coagula- 
tion during spaceflight; changes in serum enzymes, metabolites and 1 ipids; 





























































































































































































































































































































MORPHOMETRIC ANALYSIS OF CELLS OF THE BLOOD 
G. R. Tay lo r  (NASA-JSC) 
One o f  t he  p r i n c i p a l  o b j e c t i v e s  o f  t h i s  e f f o r t  i s  t o  develop t h e  a n a l y t i c a l  
c a p a b i l i t i e s  t o  s tudy  minu te  c e l l u l a r  changes r e s u l t i n g  from diseases and 
drug- induced changes i n  c e l l  immunological responses. Computer a l go r i t hms  
have been developed t o  analyze t h e  nuc lea r  a r c h i t e c t u r e  o f  c e l l s ,  f a c i l i t a t i n g  
a d i f f e r e n t i a t i o n  o f  normal and abnormal c e l l s .  Also, new procedures a l l o w  
t h e  use o f  sma l l e r  q u a n t i t i e s  o f  b lood  f o r  morphometric a n a l y s i s .  
Recent ly,  i t  has become p o s s i b l e  t o  d i f f e r e n t i a t e  between t h e  major  lympho- 
c y t e  subclasses, t h e  thymus-dependent (T )  and thymus independent (B), on 
t he  bas is  o f  computed d i g i t a l  image a n a l y s i s .  Th is  procedure uses a dye, 
which d i f f e r e n t i a l l y  s t a i n s  DNA and RNA, and h i g h l y  spec ia l  i z e d  equipment, 
i n c l u d i n g  a microscope, v ideo  camera, and computer. 
The v i s u a l  image o f  t h e  lymphocyte i s  conver ted  i n t o  a d i g i t a l  m a t r i x  which 
p rov ides  da ta  i n  numerical  form f o r  r a p i d  computer p rocess ing  and s to rage .  
Thus, bo th  q u a l i t a t i v e  and q u a n t i t a t i v e  f ea tu res  o f  lymphocytes can be 
assessed. The va lue  o f  t h e  d i g i t i z e d  m a t r i x  i s  p a r t i c u l a r l y  h i g h  when t h e  
c e l l s  a r e  v i s u a l l y  i n d i s t i n g u i s h a b l e .  
PUBLICATIONS 8 
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Page Intentionally Left Blank
INFLUENCE OF SPACEFLIGHT ON REGULATION OF B L O O D  VOLUME 
C.  Alfrey (Baylor College of  Medicine) 
The objective of th i s  project i s  to  establish the r a t  as a model in which 
to simulate changes in plasma volume (PV)  and red cell  mass ( R C M ) .  
While the l i t e ra tu re  contains many descriptions of research studies requiring 
a single measurement of RCM in the r a t ,  multiple RCM determinations for the 
same animal i s  not reported. Part of the problem i s  that  the withdrawal of 
large volumes of blood required for mu1 tip1 e RCM determinations affects  the 
val idi  ty  of the data. 
A method which requires only micro amounts of blood has been developed such 
tha t  RCM and PV can be determined simultaneously a t  four-week intervals.  
The new method can detect changes of five percent or more. The methodology 
developed for iron kinetic studies (red cel l  production ra te )  can be repeated 
a t  the same frequency. 




Squirrel monkey in Lower Body Posit ive Pressure ( L B P P )  machine. 
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INFLUENCE OF SPACEFLIGHT ON ERYTHROPOIETIN CONCENTRATION AND INHIBITION 
C .  D .  R .  Dunn  (NASA-JSC) 
Much ef for t  has been directed toward identifying the cause of anemia in 
dehydrated mice, which show character is t ics  similar to  those of man in 
space: reduced plasma volume, resulting in an increased concentration of 
blood cell s (hemoconcentration) , and negative energy balance. Animal 
studies,  supported by computer simulations, suggest that  the primary cause 
i s  negative energy balance and that  hemoconcentration plays only a minor 
role in causing the anemia. Dehydration did not seem to increase the 
destruction of red blood ce l l s .  These studies indicate the importance of 
maintaining normal f luid and energy balance to  the proper functioning of 
the erythropoietic process. 
Recently, research has begun on red blood cell  production in squirrel 
monkeys exposed to lower body positive pressure, a procedure that induces 
a headward s h i f t  of body f luids .  This animal system should provide further 
information on the etiology of anemia in spaceflight. 
PUBLICATIONS 
1. D u n n ,  C .  D .  R .  and Lange, R .  D .  "Erythropoietic effects  of space f l igh t :  
Further studies in a potential anjmal mode1 ." ACTA ASTRONAUTICA 6:725-732, 
1979. 
2.  Dunn,  C. D. R .  "The ef fec t  of food or water res t r ic t ion  on erythro- 
poiesis in mice. Relevance to the 'anemia' of space f l igh t . "  AM J PHYSIOL 
238:R301-R305, 1980. 
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t ion." In: Topical Reviews in Haematology, S .  Roath, ed. John Wright & 
Sons L t d . ,  Bristol , Volume I ,  1980, pp .  1-32. 
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THE EFFECT OF STRESS ON HUMAN BLOOD PLATELETS 
SEP 1980 
J. N. George (University of Texas) 
The s tudies  i n  this recent ly  i n i t i a t e d  project  wil l  define the extent  of 
p l a t e l e t  ac t ivat ion during s t r e s s  and will he1 p t o  understand the reasons 
fo r  the increased r i sk  of thromboembolic disorders during immobilization. 
Activation of p l a t e l e t s  during c i rcu la t ion  -- i n  vivo will be measured by 
secret ion of the  pl ate1 et-speci  f i c  granul e protein,  termed pl ate1 e t  f ac to r  
4 (PH4), which i s  measured by radioimmunoassay of c e l l - f r e e  plasma. Cir- 
cul a t ing  pl ate1 e t  aggregates wil l  be measured a s  an addit ional  manifestation 
of p l a t e l e t  ac t iva t ion .  These s tudies  wil l  be performed with normal subjects  
during maximal physical exerc ise ,  standardized on a bicycle ergometer o r  
treadmi 1 1 . 
I f  abnormal p l a t e l e t  ac t iva t ion ,  which may be associated w i t h  an increased 
r i s k  of thrombosis, i s  detected during these s tud ies ,  drugs which may prevent 
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CONTROLLERS OF RED BLOOD CELL MASS DURING HYPOKINESIS 
H. A. Leon (NASA-ARC) 
When r a t s  a r e  exposed t o  reduced oxygen o r  hypoxia,  more r e d  b lood  c e l l s  
(RBC) a r e  produced. When these r a t s  a r e  r e t u r n e d  t o  normal a i r ,  a  remark- 
a b l e  i nc rease  i n  hemolys is  occurs  which l a s t s  about  s i x  days. The r a t s  
a p p a r e n t l y  have a sensor t o  d e t e c t  a  r e l a t i v e  excess o f  RBC, coupled t o  a  
mechanism t h a t  des t roys  them. 
Cons iderab le  progress has been made i n  e l u c i d a t i n g  t h e  mechanism o f  hemolys is .  
A f a c t o r  which causes hemolys is  has been i d e n t i f i e d  i n  t h e  b lood  p l a t e l e t s .  
F u r t h e r  exper imenta t ion  w i l l  demonstrate d i r e c t l y  whether p l a t e l e t s  a re  
i n v o l v e d  and determine how t h e y  f a c i l i t a t e  hemolysis.  A lso  t o  be i n v e s t i g a t e d  
i s  how changes i n  b lood  oxygen con ten t  t r i g g e r  t h e  r e l e a s e  o f  t h e  p l a t e l e t s ,  
s i n c e  blockage o f  t h i s  i n i t i a l  s t e p  may p reven t  subsequent hemolys is .  
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PROCEDURE FOR TESTING RE36 
FILTERABILITY 
Method. A  2': suspension o f  RBC i n  b u f f e r  i s  
t r a n s f e r r e d  t o  p i p e t t e  w i t h  a t t a c h e d  s y r i n g e .  
U n f i l t e r e d  volume i s  n o t e d  e v e r y  0 . 5  m i n u t e s .  
TURBIDITY 
(% OF CONTROL) 
UREA CONCENTRATION (MOLAR) 
T r i  t o n - t r e a t e d  RBC ghos ts .  The s y t o s k e l e t o n  
of newborn r a t  RBC i s  l e s s  d i s s o c i a b l e  i n  
u r e a  t h a n  t h a t  o f  a d u l t  r a t  RBC. Shaded 
r e g i o n  i s  t h e  range  f o r  normal a d u l t  r a t s .  
Open c i r c l e s  (0 )  i n d i c a t e  normal newborn r a t s  




Tl/2 42  MIN (.96) 
ADULT 
T1/2 2 .4  MIN ( .998)  
6 8 
MINUTES 
R e s u l t s .  A d u l t  r a t  RBC ( e l )  a r e  much 
more f i l t e r a b l e  ( d e f o r m a b l e )  than  newborn 
r a t  RBC ( 0 - - - o )  . C o r r e l a t i o n  c o e f f i c i e n t s  
f o r  t h e  l e a s t - s q a u r e s  b e s t  f i t  a r e  i n  
pa ren theses .  T+ = F i l t r a t i o n  ha1 f - t i r n e .  
SURVIVAL AT 
I HOUR (%I 
0 I 2 3 4 5 
DMA CONCENTRATION (MILLIMOLAR) 
Rat RBC s u r v i v a l  w i t h  and w i t h o u t  d i r n e t h y l a d i p i m i d a t e  
(DMA). The s u r v i v a l  i n  c i r c u l a t i o n  o f  newborn r a t  RBC 
(r---r) i s  reduced,  compared t o  a d u l t  r a t  RBC ( 0 ) .  
Treatment  w i t h  DMA, an agen t  which c r o s s - l i n k s  
RBC membrane p r o t e i n s  s e l e c t i v e l y ,  worsens s u r v i v a l  
o f  newborn RBC. 
SEP 1980 
MEMBRANE PROTEINS AND ERYTHROCYTE SURVIVAL 
S. A. Landaw (Syracuse Veterans Admin i s t ra t i on )  
I n i t i a l  s tud ies  have shown t h a t  ex te rna l  in f luences,  such as might  be present  
i n  prolonged space miss ions (ox idants,  drugs, a l t e r a t i o n s  i n  acid-base 
balance) have profound e f f e c t s  on the  red  b lood c e l l  membrane. Most of  
these i n f l uences  cause the  unde r l y i ng  "skeleton"  of  t h e  r e d  c e l l  membrane 
t o  " s t i f f e n , "  r e s u l t i n g  i n  a c e l l  w i t h  decreased a b i l i t y  t o  deform w i t h i n  
the  c i r c u l a t i o n .  Such c e l l s  a re  trapped and destroyed i n  t h e  spleen, an 
organ un ique ly  q u a l i f i e d  t o  de tec t  such a l t e r a t i o n s .  This  membrane change 
may p l a y  a s i g n i f i c a n t  p a r t  i n  causing t h e  anemia observed i n  re tu rned 
as t ronauts .  
I t  appears t h a t  t h e  r e d  c e l l  o f  t h e  newborn r a t  and newborn man are l e s s  
deformable than t h e  a d u l t ' s  c e l l ,  and t h a t  t h e i r  unde r l y i ng  membrane skeletons 
are  more t i g h t l y  l i n k e d  than those o f  t he  a d u l t ' s  c e l l .  I n  t h e  r a t ,  these 
c e l l s  a re  p r e f e r e n t i a l l y  t rapped and destroyed i n  t h e  spleen, as predic ted,  
l e a d i n g  t o  shortened s u r v i v a l .  Further,  r e d  c e l l s  f rom normal a d u l t  r a t s  
t r e a t e d  w i t h  agents which s e l e c t i v e l y  c r o s s - l i n k  p r o t e i n  components o f  the  
membrane ske le ton  cause such c e l l s  t o  be l e s s  deformable and t o  be destroyed 
i n  t he  spleen. 
Future plans w i l l  r evo l ve  around t h e  de termina t ion  of  how t h e  t i g h t l y - 1  inked 
s t r u c t u r e  i s  achieved, how i t  can be mod i f i ed  by ex te rna l  in f luences ,  and 
o f  s t r a t e g i e s  t o  p r e d i c t  whether i n d i v i d u a l s  might  be expected t o  develop 
a1 t e r a t i o n s  i n  RBC s u r v i v a l  on exposure t o  c e r t a i n  adverse ex te rna l  in f luences .  
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Automated Light Microscope System a t  JPL. The hardware cons i s t s  of 
a Zeiss photomicroscope with computer cont ro l led  stepping s tage .  
The vidicon TV camera of the  Spat ia l  Data Systems image d i g i t i z e r  
i s  mounted on the microscope, and the  e n t i r e  system i s  cont ro l led  
by a PDP-11  computer. The system executes the  mini-VICAR image 
processing software system and a va r i e ty  of  addit ional  programs 
developed f o r  bone and c e l l  image ana lys i s .  
BEC 1980 
BONE AND CELL IMAGE ANALYSIS 
K. R. Castleman (JPL-CIT) 
Th is  p r o j e c t  suppor ts  t h e  j o i n t  p a r a l l e l  development o f  microscope image 
a n a l y s i s  techniques i n  t h r e e  d i f f e r e n t  cen te r s :  J e t  P ropu ls ion  Laboratory ,  
NASA-Ames Research Center, and NASA-Johnson Space Center. Computer- 
c o n t r o l l e d  l i g h t  microscope systems and d i g i t a l  image a n a l y s i s  programs 
have been developed i n  each cen te r .  
The purpose o f  t h i s  p r o j e c t  i s  n o t  so much t o  develop t h e  systems, as i t  
i s  t o  coo rd i na te  t h e  t h r e e  p r o j e c t s .  Thus i t  preven ts  d u p l i c a t i o n  o f  
e f f o r t ,  f a c i l i t a t e s  a  s h a r i n g  o f  so f twa re  and system development and ex- 
per ience,  and f o s t e r s  s t a n d a r d i z a t i o n  o f  hardware, so f tware ,  and da ta  formats  
t o  b e n e f i t  a1 1  t h r e e  l a b o r a t o r i e s .  
These systems can l o c a t e  and measure o b j e c t s  and s t r u c t u r e s  i n  a  v a r i e t y  
o f  microscope specimens. Examples i n c l u d e  muscle f i b e r s  i n  h is tochemica l  l y  
prepared b iopsy  sec t i ons ,  squamus c e l l s  from t h e  l ungs  and t h e  u t e r i n e  
c e r v i x ,  t e t r a c y c l  i n e - l a b e l  l e d  bone c ross  sec t i ons ,  r e d  and w h i t e  b lood  c e l  I s ,  
and human chromosomes. 
A lso  p o s s i b l e  i s  t h e  measurement o f  a  v a r i e t y  o f  s i ze ,  shape, o p t i c a l  dens i t y ,  
and t e x t u r e  parameters t o  q u a n t i f y  s p a c e f l i g h t  induced p h y s i o l o g i c a l  changes. 
Th is  q u a n t i t a t i v e  i n f o r m a t i o n  i s  e s s e n t i a l  t o  s t u d i e s  o f  t he  e f fec ts  o f  
l ong- te rm s p a c e f l i g h t  on humans. 
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Biochemical Control of F1 uid Elect rolyte  
Sodium Homeostasis and Renin-Aldosterone 
Fluid and Elect rolyte  i n  Primates 
Angiotensin Antagonists 
CNS Control of  Sal t/Water Balance 
Gravitational S t ress  i n  Fluid Balance 
Renal Receptor Sens i t i v i t y  
Hormonal Control of Blood Volume 
INTRODUCTION 
Dur ing t h e  f i r s t  24-48 hours o f  Skylabs 3 and 4, f i v e  o u t  o f  s i x  crewmen 
showed nega t i ve  balances i n  sodium c h l o r i d e  and water .  A f t e r  3-4 days 
i n  f l i g h t ,  a  steady s t a t e  i n  sodium and water  seemed t o  have been reached. 
The more gradual we igh t  l o s s  t h a t  con t inues  th roughout  s p a c e f l i g h t  may be 
a t t r i b u t a b l e  t o  l o s s  i n  t i s s u e  mass. The f i r s t  t h r e e  days o f  p o s t f l i g h t  
recovery  i s  c h a r a c t e r i z e d  by a p o s i t i v e  balance o f  s a l t  and water,  much 
1 i k e  a m i r r o r  image o f  t h e  nega t i ve  balance seen i n  e a r l y  f l i g h t .  
Rapid r e d i s t r i b u t i o n  o f  body f l u i d s  f rom t h e  l e g s  toward t h e  head and 
r e s u l t a n t  c e n t r a l  volume expansion may cause t h e  inc reased  u r i n a r y  e x c r e t i o n  
o f  sodium and water,  i n  a d d i t i o n  t o  t h a t  o f  potassium and ca lc ium.  How- 
ever,  t h e  exac t  mechanism i s  unc lea r  and c o u l d  i n v o l v e  plasma p r o t e i n  
concen t ra t ion ,  a ldosterone,  a n t i - d i u r e t i c  hormone, p u t a t i v e  n a t r i u r e t i c *  
hormones, and changes i n  r e n a l  hemodynamics . Un fo r t una te l y ,  i n f o r m a t i o n  
concern ing these p a r t i c u l a r  changes a r e  n o t  a v a i l a b l e  f o r  t h e  f i r s t  few 
hours o f  f l i g h t ,  t h e  p e r i o d  d u r i n g  which t h e  r a p i d  f l u i d  s h i f t  occurs.  
Th is  RTOP seeks t o  i n v e s t i g a t e  i n  ground-based s t u d i e s  changes i n  f l u i d  
and e l e c t r o l y t e  metabol ism and i n  r ena l  f u n c t i o n  p r e v i o u s l y  i d e n t i f i e d  
d u r i n g  manned s p a c e f l i g h t  programs, t o  develop a p p r o p r i a t e  countermeasures 
and t o  des ign and t e s t  advanced i n s t r u m e n t a t i o n  as necessary. 
 h hat which i n h i b i t s  t he  reabso rp t i on  o f  ca t ions  ( p a r t i c u l a r l y  sodium) from u r i ne ,  thus c o n t r i b u t i n g  
t o  increased exc re t i on  o f  t h e  ca t i on .  
199-20-61-01 SEP 1980 
RENAL AND ENDOCRINE STUDIES DURING EARLY PHASE OF ANTEORTHOSTATIC 
HYPOKINESIA 
C. S. Leach (NASA-JSC) 
The pr imary o b j e c t i v e  o f  t h i s  new research i s  t o  determine t h e  responses 
o f  the k idney t o  weight lessness and t o  i n v e s t i g a t e  t he  mechanisms by which 
these responses a re  e l i c i t e d .  To do t h i s ,  a  s imu la t i on  technique i s  r e -  
qu i  r e d  t h a t  qua1 i t a t i v e l y  and temporal l y  induces changes s imi  1  a r  t o  those 
o f  spacef l  i ght  . 
The rena l  responses t o  a n t i o r t h o s t a t i c  bedrest  w i  11 be eval uated and 
compared w i t h  rena l  responses t o  h o r i z o n t a l  bedrest .  Measurements inc lude:  
a )  Ind ices  o f  rena l  f u n c t i o n  i n c l u d i n g  e x c r e t i o n  ra tes ,  
clearances, g l  omerular f i l t r a t i o n  r a t e ,  and rena l  b lood 
f low;  
b)  Body f l u i d  volumes i n c l u d i n g  plasma, e x t r a c e l l  u l a r  f l u i d s ,  
and t o t a l  body water; and 
c )  E l e c t r o l y t e ,  p r o t e i n ,  and hormone l e v e l s  i n  plasma and 
u r i ne .  
4 
I n  con junc t ion  w i t h  o t h e r  measurements of f l u i d - e l e c t r o l y t e  s ta tus ,  
t he  r e s u l t s  of t h e  rena l  f u n c t i o n  t e s t s  proposed w i l l  p rov ide  (1 )  a  bas is  
f o r  an i n t e g r a t e d  understanding o f  rena l  f u n c t i o n  d u r i n g  two types o f  
hypokinesia and (2 )  a  p o i n t  o f  depar ture f o r  des ign ing  f u t u r e  experiments 
t o  s tudy t h e  mechanisms i nvo l ved  i n  t he  adapta t ion  t o  weight lessness. 
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HEAD-OUWWATER IMMERSION 
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E f f e c t  o f  immersion on n a t r i u r e s i s .  Mechanisms whereby immersion- 
i nduced  c e n t r a l  hypervo lemia induces  n a t r i u r e s i s  a r e  schemat ized.  
Heavy arrows i n d i c a t e  pathways f o r  wh ich ev idence i s  a v a i l a b l e .  
(Adapted from Eps te in ,  PHYSIOL REV 58:550, 1978.) 
199-20-61-02 AUG 1980 
SODIUM HOMEOSTASIS AND RENIN-ALDOSYERONE RESPONSIVENESS DURING SIMULATED 
WEIGHTLESSNESS 
M. Eps te i n  (VA Medical  Center, Miami) 
Water immersion has been used as a  ground-based ana log  f o r  weight lessness 
i n  a  s tudy  o f  volume homeostasis and s a l t  and water  e x c r e t i o n .  Deter-  
m i n a t i o n  o f  t h e  magnitude and temporal p r o f i  1  e  o f  ren in -a1  dosterone 
suppress ion d u r i n g  immersion has l e n t  suppor t  t o  t h e  p o s t u l a t e  t h a t  t h e  
r en in -a l dos te rone  changes observed d u r i n g  manned s p a c e f l i g h t  a r e  a t t r i b u t a b l e  
t o  a  r e d i s t r i b u t i o n  o f  t h e  c i r c u l a t i n g  b l ood  volume and t h a t  t hey  c o n t r i b u t e  
t o  t h e  observed s a l t  e x c r e t i o n .  The exac t  mechanism o f  t h i s  a c t i o n  i s  y e t  
unc lea r .  That r ena l  p ros tag land in  E  e x c r e t i o n  i s  a l s o  augmented d u r i n g  
immersion suggests t h e  invo lvement  o f  t h i s  hormone system i n  water  and 
s a l t  r e g u l a t i o n .  
A  r e l a t e d  s u b j e c t  m a t t e r  o f  g r e a t  con t rove rsy  i s  whether o r  n o t  t h e  s a l t  
and water  l o s s  r e s u l t s  i n  a  new s teady -s ta te .  Throughout a  pro longed p e r i o d  
o f  water  immersion, s a l t  and water  losses  seem t o  con t i nue  unabated. It 
appears t h a t  as l o n g  as t h e  t h o r a c i c  r e g i o n  senses h i g h  f l u i d  volume, t h a t  
a d a p t a t i o n  remains incomplete .  
The f o l  1  owing f a c t o r s  a r e  under con t inued  i n v e s t i g a t i o n  : t h e  ren in-a1 do- 
s te rone  system, k a l l  i k r e i n - k i n i n ,  ,renal p ros tag land in ,  vasopress in ,  and 
t h e i r  e f f e c t s  i n  modu la t ing  sodium and water  homeostasis.  
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r en in -a l dos te rone  and r e n a l  p ros tag land in  E  d u r i n g  volume expansion induced 
by immersion i n  normal man." CLIN SCI 59:55-62, 1980. 
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an unders tand ing  o f  t h e  c i r c u l a t o r y  adap ta t i on  t o  manned s p a c e f l i g h t . "  
J APPL PHYSIOL 49:184-188, 1980. 
Fluid and e lec t ro ly te  s tudies  in primate model system. Squirrel 
monkey i s  in lower body posi t ive  a i r  pressure (LBPP)  instrument. 
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F L U I D  AND ELECTROLYTE STUDIES I N  P R I M A T E  MODEL SYSTEM 
M. C.  Moore-Ede (Harvard Medical School)  
I n  s q u i r r e l  monkeys sub jec ted  t o  a  lower  body p o s i t i v e  pressure (LBPP) 
c h a i r ,  f l u i d s  s h i f t  i n t o  t h e  upper body as d u r i n g  weight lessness, and 
t h e r e  i s  an inc rease  i n  c e n t r a l  venous pressure, accompanied by a  prompt 
r e f l  ex inc rease  i n  u r i n e  f l o w  and sodium e x c r e t i o n  (Henry-Gauer r e f l  ex ) .  
C i rcad ian  adapt i ve  mechanisms seem t o  p reven t  noc tu rna l  u r i n e  and sodium 
e x c r e t i o n .  A t  n i g h t ,  response t o  LBPP i s  suppressed and t h e  rena l  r e f l e x  
i s  n o t  a c t i v a t e d .  
Potassium l o s s  and t h e  mechanisms behind i t  a r e  be ing  s t u d i e d  i n  d e t a i l  
a1 so. Dur ing p rev ious  space miss ions  ( e s p e c i a l l y  Apol l o ) ,  plasma l e v e l s  
o f  potassium were ex t reme ly  low, r e s u l t i n g  p o s s i b l y  i n  ca rd iac  a r rhy thmias .  
The g r e a t e s t  u r i n a r y  l o s s  o f  potassium occurs d u r i n g  t h e  f i r s t  12 hours 
o f  LBPP. Long-term LBPP leads  t o  a  f a l l  i n  plasma potassium. The s q u i r r e l  
monkey model i s  be ing  f u r t h e r  developed t o  examine mechanisms o f  potassium 
1  oss d u r i n g  space f l  i ght  . 
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ANGIOTENSIN ANTAGONISTS AND VOLUME NOb!EOSTASIS 
N. K. H o l l  enberg (Harvard Medical School ) 
The renin-angiotensin-aldosterone system i s  a  poss ib le  mechanism by which 
the  body may r i d  i t s e l f  of s a l t  and water under we igh t less  cond i t i ons .  
The d e l i n e a t i o n  o f  i t s  r o l e  i n  f l u i d  volume c o n t r o l  has been made poss ib le  
by the  recent  development o f  agents t h a t  b lock  t h i s  system. 
When a  d e f i c i t  i n  water and s a l t  occurs (e.g., i n  as t ronauts  upon r e t u r n  
t o  Ear th ) ,  ang io tens in  responds i n  several  ways t o  make up the  l oss :  
(1 )  i t  c o n s t r i c t s  b lood vessels  t o  he1 p  ma in ta in  b lood pressure; (2 )  i t  
c o n s t r i c t s  rena l  b lood vessels  t o  he lp  r e t a i n  sodium and water; and ( 3 )  i t  
s t imu la tes  adrenal a ldosterone re lease i n  o rde r  t o  promote sodium r e t e n t i o n  
by the  kidneys. I t  appears t h a t  ang io tens in  receptors  i n  t h e  d i f f e r e n t  
systems (e. g., adrenal gland, pe r i phe ra l  b lood vessel s  and rena l  b lood 
vessels and glomerul us) d i f f e r  enough t h a t  very  s p e c i f i c  b lock ing  agents 
can be developed which w i l l  he lp  e l u c i d a t e  t h e  a c t i o n  o f  ang io tens in .  
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CNS MECHANISMS REGULATING SALT/WATER BALANCE 
W. B .  Severs and L .  C .  Keil (Pennsylvania S ta te  University) 
Blood and urine samples of astronauts have revealed changes in angiotensin 
and vasopressin. Understanding the  mechanisms of action of these hormones 
will help i n  understanding the  f l u id  and e l ec t ro ly t e  changes t ha t  occur 
during spacefl i ght . 
Angiotensin was once thought t o  come only from the  kidneys; however, i t  i s  
now known tha t  the  brain makes the  hormone as  well .  Research in t h i s  
laboratory reveal ed t ha t  both bl ood-borne (kidney) and brain angiotensin 
cause increased water intake,  vasopressin re lease ,  and sympathetic nervous 
discharge. However, there i s  one important d i f ference:  Whereas blood-borne 
angiotensin keeps sodium i n  the  body, brain angiotensin increases sodium 
loss  from the  body. 
I t  has been known tha t  the  kidney angiotensin system defends the  body 
against  low blood volume and/or body sodium. Theoretically,  the  brain 
angiotensin system may defend the  body against  t he  opposi t e  s i tua t ions ,  i .e., 
h i  gh blood vol ume and/or body sodi um. 
Studies will continue t o  invest igate  the  functional re la t ionship  between 
brain and kidney angiotensin and t h e i r  e f f ec t s  on s a l t  and water balance. 
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EFFECTS OF ALTERED GRAVITATIONAL STRESS ON FLUID BALANCE AND THE 
CIRCULATION OF BLOOD 
J. A. Luetscher (Stanford U n i v e r s i t y  Hosp i t a l  ) 
Bedrest  s t ud ies  a r e  conducted t o  r e l a t e  f l u i d  and e l e c t r o l y t e  changes 
t o  changes observed i n  t h e  ren in -ang io tens in  system and t o  s tudy  t h i s  
system's  e f f ec t  on a ldos te rone  sec re t i on ,  k idney  f u n c t i o n ,  and vasomotor 
tone. 
A 10-day bedres t  s t udy  on twe lve  44-55 year  o l d  men shows t h a t  ve ry  low 
recumbent plasma r e n i n  a c t i v i t y  (PRA) , which does n o t  inc rease  normal l y  
a f t e r  LBNP, can p r e d i c t  poor t o l e rance  t o  LBNP and s tand ing  a f t e r  bedrest .  
Rec ip ien ts  o f  p rop rano lo l  30 minutes be fo re  a r i s i n g  i n  t h e  morning a f t e r  
bed res t  had l e s s  tachycard ia ,  more s t a b l e  b lood  pressure, and fewer symptoms 
o f  pre-syncope . 
Futu re  p lans i n c l u d e  bedres t  s t ud ies  t o  f u r t h e r  eva lua te  t h e  p r e d i c t i o n  
va lue  o f  PRA f o r  LBNP t o l e r a n c e  and t h e  b e n e f i c i a l  e f f e c t s  o f  p rop rano lo l .  
The r o l e  o f  c e r t a i n  v a s o d i l a t o r s  i n  f l u i d  balance and c i r c u l a t o r y  changes 
a f t e r  bedres t  w i l l  a l s o  be i n v e s t i g a t e d .  
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RENAL RECEPTORS AND SIMULATED WEIGHTLESSNESS 
E. M. Hol t o n  (NASA-ARC) 
Fl  u i d  and e l e c t r o l y t e  balance may be changed by a1 t e r e d  hormone 1  eve1 s. 
Accord ing t o  another  hypothes is ,  t h e  balance may be changed by an a l t e r e d  
t a r g e t - t i s s u e  s e n s i t i v i t y  t o  any g iven l e v e l  o f  hormone. Resistance t o  
g l u c o c o r t i c o i d  a c t i o n  i n  i n d i v i d u a l s  d u r i n g  s t r e s s  suppor ts  t h i s  l a t t e r  
view. Changes i n  hormone recep to rs  i n  t a r g e t  t i s s u e  may c o n t r i b u t e  t o  
a l t e r e d  response t o  bo th  m i n e r a l o c o r t i c o i d  and g l u c o c o r t i c o i d  a d m i n i s t r a t i o n  
d u r i n g  va r i ous  hormonal o r  metabol i c  s t a t e s .  
To s tudy  m o d i f i c a t ~ o n s  o f  r ecep to r  r e g u l a t i o n  o r  r e l a t e d  mechanisms, r a t s  
exposed t o  c o l d  ( 4  C) f o r  5, 10, o r  15 days were compared w i t h  harnessed 
r a t s  suspended f o r  s i m i l a r  per iods  o f  t ime.  G l u c o c o r t i c o i d  values suggested 
t h a t  suspended r a t s  were no more s t r essed  than  p a i r - f e d  c o n t r o l s ,  whereas 
co ld - s t r essed  r a t s  had s i g n i f i c a n t l y  e l eva ted  s t e r o i d  l e v e l s .  
Cold-s t ress and harness exper iments w i l l  be repeated f o r  l onge r  per iods .  
Other c l a s s i c a l  s t r e s s  s i t u a t i o n s  i n  r a t s  w i l l  determine whether r ecep to r  
modu la t ion  occurs as expected w i t h  changes i n  s t e r o i d  l e v e l s .  
PUBLI CAT1 ONS 
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HORMONAL CONTROL OF B L O O D  VOLUME 
D. S.  Gann (Rhode Island Hospital ) 
Methods by which plasma volume loss  can be restored are  being investigated. 
Preliminary experiments in dogs suggest t ha t  res t i tu t ion  of blood volume i s  
delayed i f  the animal i s  in the head-down position. The levels of hormones 
that  faci 1 i t a t e  res t i tu t ion  do not change, perhaps because a t r i  a1 and 
carotid receptors remain stimulated in the head-down position. 
Gl ucagon infusions faci l  i t a t e  restoration of blood vol ume a f t e r  hemorrhage. 
Future research ef for t s  incl ude determination of gl ucagon secretion ra te  in 
horizontal and head-down animals. 
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7 .  RADIATION EFFECTS AND PROTECTION 
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Rad ia t i on  E f f e c t s  of HZE P a r t i c l e s  
Rad ia t i on  P r o t e c t i o n  Methods 
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INTRODUCTION 
The biological effects  of ionizing radiations of solar and galactic origins 
and those found in radiation belts are the subject of th i s  RTOP. Of parti-  
cular concern are the heavy high-energy part ic les ,  or HZE par t ic les ,  found 
only in space, especially a t  geosynchronous o rb i t  or during deep-space 
manned missions. Only recently has i t  been possible to  reproduce HZE- 
par t ic le  radiation on Earth. Previous studies had been limited t o  irradia- 
tion on balloons or in s a t e l l i t e s .  
The potential hazards of HZE particles received increased attention a f t e r  
crew members of Apollo 11 and subsequent missions reported " l ight  flashes" 
occurring once or twice per minute during periods of dark in the spacecraft. 
These "streaks," 'clouds," or "supernovae' seemed to be the direct  interaction 
of H Z E  particles with c e l l s  of the visual nervous system. 
A ser ies  of experiments aboard Apollo 16 and 17 sought to  identify the 
effects  of HZE par t ic les  on 1 i f e  forms of varying complexity (e.g., protozoa, 
plant embryos, simple-animal eggs). Findings included changes in cell  ular 
and organic growth, damages to  cell  nuclei and other subcellular systems, 
and significant genetic mutations. 
This research program endeavors to  achieve four objectives. F i rs t ,  the 
long-term effects  of space radiation on biological systems would be 
measured as a function of dose-equivalence. To accomplish th i s ,  new and 
extant informat ion on biol ogical effects  of conventional ground-based radia- 
tion will be used to  assess space hazards. Experimental animals and mamma- 
l ian culture cell  s  will be exposed to  HZE par t ic les .  
Second, mathematical models of the radiation environment i n  space and in- 
side spacecraft a t  various orbital  locations will be developed. Sate11 i t e  
data will be collected, and shielding and transport codes will be improved. 
Third, accurate dosimetry technology will be developed for use in budgeting 
radiation exposure and in tes t ing the above-mentioned mathematical models. 
This includes both active and passive systems and will involve improving 
HZE par t ic le  track analysis. 
Fourth, radiation exposure standards will be reviewed in l i gh t  of research 
findings, particularly from the comparison of experimental animal and cell  
data with human epidemiological data. 
Photomicrograph o f  an HZE p a r t i c l e  t r a c k  in  p l a s t i c  nuclear  t r a c k  d e t e c t o r .  The 
length of t h e  t r ack  r e f l e c t s  t h e  r a d i a t i o n  damage produced by t h e  H Z E  p a r t i c l e  
in t i s sue -equ iva len t  m a t e r i a l .  The number dens i ty  of  t hese  t r a c k s  i s  a  measure 
of dose received by a s t ronau t s  while  in o r b i t .  
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ANALYSIS OF HZE PARTICLE DOSE 
E. V .  Benton ( U n i v e r s i t y  o f  San Franc isco)  
The purpose of  t h i s  p r o j e c t  i s  t o  develop t h e  accura te  dos imet ry  t h a t  i s  
so v i t a l  f o r  measuring r a d i a t i o n  exposure i n  spacec ra f t  and i n  ground-based 
exper iments.  Accuracy i s  p a r t i c u l a r l y  impo r tan t  s i n c e  t h e  depos i ted  dose 
changes accord ing  t o  each i o n  and i t s  v e l o c i t y .  
Resu l ts  o f  dose d i s t r i b u t i o n  and o t h e r  s tud ies  a r e  now be ing  a p p l i e d  t o  
b i o l o g i c a l  t i s s u e s  be ing  exposed a t  Berke ley  a c c e l e r a t o r s  and on Cosmos 
spacec ra f t .  
Passive nuc lea r  t r a c k  d e t e c t o r  m a t e r i a l s  t h a t  have proven e f f e c t i v e  f o r  
de te rmin ing  exposure t o  h i  gh-energy, h i  gh-charge cosmic r a d i a t i o n  r e q u i r e  
manual l i g h t  microscopy o f  each p l a t e  i n  t h e  d e t e c t o r  s tack .  Among o t h e r  
accomplishments, t h i s  research  e f f o r t  has improved t h e  cumbersome, t ime-  
consuming method w i t h  an automated image a n a l y s i s  technique.  
Passive dosimeters have been designed f o r  S h u t t l e  OFT miss ions  : (1 )  a  Crew 
Passive Dosimeter, t o  be a t tached t o  each a s t r o n a u t ' s  garment, and ( 2 )  an 
Area Passive Dosimeter, t o  be stowed on va r i ous  l o c a t i o n s  i n  t h e  spacecra f t .  
The p r o j e c t  w i l l  focus on improv ing  methods o f  de te rm in ing  neu t ron  energy 
spec t ra  and f i n a l  i z e  p r e p a r a t i o n  6 f  dos imeters  f o r  OFT fl i g h t s .  
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Long-term e f f e c t s  o f  r a d i a t i o n .  The monkey i s  h a v i n g  h i s  eye examined w i t h  a  funduscope capable  o f  
photographing t h e  i n t e r i o r  o f  t h e  eye. T h i s  t y p e  o f  examina t ion  i s  c a r r i e d  o u t  a n n u a l l y  t o  d e t e c t  
any v i s i b l e  o c u l a r  e f f e c t s  o f  r a d i a t i o n ,  e s p e c i a l l y  c a t a r a c t s .  
SEP 1980 
RADIATION EFFECTS OF MANNED SPACEFLIGHT 
8. H e  biood (USBF School o f  Aerospace Medic ine)  
I n i t i a t e d  i n  1964, t h e  o b j e c t i v e  o f  t h i s  research  was o r i g i n a l l y  t o  eva lua te  
t h e  acu te  e f f e c t s  o f  exposure t o  p a r t i c u l a t e  r a d i a t i o n  ( i .e . ,  p r o t o n  
r a d i a t i o n ) .  A  co l ony  o f  rhesus monkeys were exposed t o  va r i ous  t ypes  o f  
r a d i a t i o n  a t  d i f f e r e n t  dose l e v e l s .  The t a s k  i s  now devoted t o  t h e  assess- 
ment o f  c h r o n i c  de layed b i o l o g i c a l  e f f e c t s  o f  those exposures. 
I n  1965, 217 rhesus monkeys t h a t  su r v i ved  acu te  whole body p ro ton  i r r a d i a t i o n  
were banded t oge the r ,  a l o n g  w i t h  33 o f  t h e i r  c o n t r o l s ,  t o  form t h e  Chronic 
Rad ia t i on  Colony. F i f t e e n  years  o f  p o s t r a d i a t i o n  f i n d i n g s  i n d i c a t e d  r a d i a -  
t i o n - r e l a t e d  l i f e s p a n  shor ten ing ,  inc reased  i nc i dence  o f  ma l ignan t  tumor 
fo rmat ion ,  and t h e  f o rma t i on  o f  c a t a r a c t s .  
Even though these observa t ions  a r e  c u r r e n t l y  l i m i t e d  t o  those monkeys i n  
t h e  co lony  t h a t  r e c e i v e d  more than  250 r a d  o f  p r o t o n  r a d i a t i o n ,  t h e y  
c l e a r l y  r e f l e c t  t h e  p o s s i b i l i t y  o f  de layed e f f e c t s  i n  man. Continued sur -  
v e i l l a n c e  o f  t h e  co lony  as t h e  s u b j e c t s  grow o l d e r  w i l l  determine if 
s i m i l a r  r a d i a t i o n - r e l a t e d  e f f e c t s  occur  i n  t h e  l o w e r  (25  t o  113 r a d )  dose 
groups. 
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BIOMEDICAL SIGNIFICANCE OF HIGH E N E R G Y  MULTI-CHARGED COSMIC RAYS FOR 
CANCER INDUCTION AND MUTATION 
E .  J .  Ainsworth (University of Cal i fornia,  ~ e r k e l  ey) 
The Beval ac,  a unique accelerator facil  i ty  tha t  produces high energy HZE 
par t ic le  beams similar to space radiation, i s  being used to study mutation 
and neoplastic transformation in mammal ian cell  cultures and 1 i fe-span 
shortening in mice. 
Within s ix  weeks of irradiation the frequency of mutations or neoplastic 
transformation was assessed in mouse ce l l s .  Although these studies are a t  
an early stage, i t  i s  already evident tha t  neon part ic les  produce four times 
as many deletion mutations as X-rays. Likewise, carbon and neon particles 
induce many more neoplastic transformations than do X-rays. The determination 
of re1 iabl e r isk estimates requires further work. 
Mortality data and records of autopsies and tumor types are being collected 
on mice exposed to  carbon, neon, or argon part ic les .  
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Real-time Active Dosimetry System. The dose actual ly  ~ e c e i v e d  by small 
objects  exposed t o  a uniform radiation f i e l d  varies according t o  the in te r -  
ac t ions  between radiation and matter. A spherical proportional counter ( A )  
sealed in a chamber ( B )  f i l l e d  w i t h  gas a t  low pressure i s  used t o  simulate 
the nucleus of a c e l l .  Two analog-to-digital converters record the  data to 
account f o r  the  wide dose var ia t ion produced by individual charged part icles:  
Read Only Memory ( R O M )  adds a count to  the a ~ p r o p r i a t e  channel of a Random 
Access Memory ( R A M )  f o r  each pa r t i c l e  detected. The microprocessor auto- 
matically calcula tes  the dose, dose r a t e ,  and radiation qua l i ty  from the 
stored d i s t r ibu t ion .  I t  wil l  a lso  t u r n  on a ca l ib ra t ion  source, determine 
the posit ion of the  resul t ing peak in the spectrum, and ad jus t  the  high 
voltage supply t o  keep the instrument in cal ibra t ion.  
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F E A S I B I L I T Y  STYBY OF AN ACT IVE  UNIVERSAL DOSIMETER FOR SPACE R A D I A T I O N  
ENVIRONMENT 
L.  A.  Braby  atte tell e Pac i f i c  Northwest Laboratories)  
In t h i s  new pro jec t ,  a real- t ime a c t i v e  dosimetry system wil l  be developed 
t h a t  can measure both instantaneous and accumulated dose ( r a d s )  and dose- 
equivalent  (rems) from a1 1 types of  space r a d i a t i o n .  
Results wil l  be displayed in such a way t h a t  they can be employed i n  making 
decisions regarding rad ia t ion  protect ion and so t h a t  they can be recorded 
along w i t h  basic energy deposi t ion da ta .  
Spherical proportional counters  simi 1 a r  t o  those used f o r  mi crodosimetry 
research s tud ies  wi l l  be developed f o r  use in space. Al terna t ive  methods of 
determining rad ia t ion  q u a l i t y  from the  physical data wil l  be s tudied .  
PUBLI CATIONS 
None 
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FIBROBLAST VIABILITY 
J. T. L e t t  (Colorado S t a t e  U n i v e r s i t y )  
F i b r o b l a s t s  i n  c u l t u r e  demonstrate a  c a p a b i l i t y  t o  go th rough o n l y  a  l i m i t e d  
number of generat ions.  Th i s  number of genera t ions ,  o r  v i a b i l i t y ,  has been 
shown t o  be a f f e c t e d  by bo th  t h e  age o f  t h e  organism f rom which t h e  f i b r o -  
b l a s t s  a re  ob ta ined  and exposure t o  i o n i z i n g  r a d i a t i o n .  Presumably, muta t ions  
occur  d u r i n g  t h e  course of t h e  organism's  l i f e  which reduce t he  f i b r o b l a s t s '  
a b i l i t y  t o  r e p l i c a t e .  Th is  n a t u r a l  process i s  quickened by mutagens, such 
as i o n i z i n g  r a d i a t i o n ,  which acce le ra te  t h e  ag ing  process. 
The monkey co lony a t  USAF/AMD represen ts  a  un ique resource  w i t h  which t o  pur -  
sue t h i s  s tudy.  R e l a t i v e l y  o l d  exposed and c o n t r o l  monkeys a r e  a v a i l a b l e  
f o r  comparison. Young monkeys a r e  a l s o  a v a i l a b l e  f o r  comparison w i t h  t h e  
o l d e r  (15 years o l d )  ones. The i n i t i a l  s t udy  w i l l  compare a  group o f  animals 




E f f e c t s  o f  space r a d i a t i o n  on nerve  t i s s u e  c e l l s .  Cepha l i c  g a n g l i o n i c  
c e n t e r  ( " b r a i n " )  o f  an a d u l t  f r u i t  f l y  a t  35 days a f t e r  exposure t o  
approx imate ly  1 h i t / c e l l  o f  k r yp ton .  Note two areas o f  "columnar" 
c y s t i c  degenerat ion induced by d i r e c t  i n j u r y  t o  nerve  c e l l s  by HZE 
p a r t i c l e s .  (X14,OOO) 
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EFFECTS OF HEAVY PARTICLE RADIATION ON NERVE CELLS 
J. M i  quel ( NASA-ARC) 
The b r a i n  o f  a  f r u i t  f l y  i s  i d e a l  f o r  s t udy ing  t h e  d i r e c t  e f f e c t s  o f  
p a r t i c l e  r a d i a t i o n  s i n c e  i t  i s  devoid o f  b lood  vesse ls .  One e l e c t r o n  
mic roscop ic  i n v e s t i g a t i o n  o f  t he  b r a i n  o f  i r r a d i a t e d  f l i e s  revea led  t h a t  
b r a i n  i n j u r y  r e s u l t s  f rom s i n g l e  h i t s  of  heavy p a r t i c l e s .  More s p e c i f i c a l l y ,  
morpholog ica l  a1 t e r a t i o n s  i n  nerve c e l l s  and changes i n  t h e  s t r u c t u r e s  




I r rad ia t ion  e f fec t s  on t e s t i s  c e l l s .  The micrograph shows the  e f f ec t  of 
ten rads of neon par t i c les  3 days a f t e r  i r rad ia t ion  of mouse t e s t i s .  Note 
the  necrotic (dying) ce l l  in the  center ,  surrounded by normal c e l l s .  The 
graph indicates the extent  of damage by speci f ied  pa r t i c l e s  (S /S  = frac-  
t ion o f  c e l l s  surviving i r r ad i a t i on ;  Do = slope = dose required t8 k i l l  
37% of the cel l  s )  . 
199-20-72-03 SEP 1980 
RADIATION-INDUCED EFFECTS I N  CELLS AND TISSUES AND PARTICLE TRACK LOCATION 
D. E. P h i l p o t t  (NASA-ARC) 
Cosmic r ays  a r e  known t o  pass th rough  t h e  w a l l s  o f  t h e  spacec ra f t  and i t s  
occupants d u r i n g  space miss ions .  As t ronau ts  have seen l i g h t  f lashes d u r i n g  
t r a n s l u n a r  and o r b i t a l  f l i g h t s  even w i t h  t h e i r  eyes c losed,  thus  p r o v i d i n g  
a d d i t i o n a l  evidence t h a t  t h e  cosmic r ays  come th rough  t h e  spacec ra f t  and 
pene t ra te  t h e  r e t i n a .  Recent ly ,  c e l l u l a r  a l t e r a t i o n s  and c e l l  l o s s  i n  t h e  
r e t i n a  o f  r a t s  f l own  on two Cosmos s a t e l l i t e s  have been demonstrated. 
S tud ies  t hus  f a r  show t h a t  t e s t i s  c e l l s  a r e  a l s o  v e r y  s e n s i t i v e  t o  cosmos 
r a d i a t i o n .  They a r e  damaged by doses as l ow  as one r a d  and, perhaps, as 
l ow  as 0.1 r ad .  S e n s i t i v i t y  t o  l ow  doses o f  heavy i o n s  seems t o  d i f f e r  
s l i g h t l y  among popu la t i ons  o f  t e s t i s  c e l l s .  
Dose-response r e l a t i o n s h i p s  o f  HZE p a r t i c l e s  and t e s t i s  germ c e l l s  and 
r e t i n a l  c e l l s  w i l l  be cha rac te r i zed .  Ce l l  a1 t e r a t i o n s  and k i n e t i c s  w i l l  
a1 so be i n v e s t i g a t e d  . 
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DIRECT A N D  ABSCOPAL R A D I A T I O N  EFFECTS OF HZE PARTICLES 
L ,  M. Kraft (NASA-ARC) 
In th i s  project, the head or whole body of rodents i s  exposed to H Z E  
particles produced in the Geval ac of the Lawrence Berkel ey Laboratory. 
Microscopic sections of the brain are being examined from a  few minutes 
to 2-3 years a f t e r  i r radiat ion.  Particular emphasis i s  placed on injury 
to  nerve ce l l s  and to more numerous neuroglia, or supporting ce l l s  of the 
brain. 
By counting the number of ce l l s  affected, effects  due to  various radiation 
doses of different  H Z E  par t ic les  or of X-rays can be assessed. Neuroglial 
c e l l s ,  which are  renewable, die or are injured within 48 hours a f t e r  ex- 
posure a t  re lat ively low doses. Nerve c e l l s ,  which are  not renewable, are 
more resis tant  a t  the same doses, b u t  may die a t  a  l a t e r  time, as long as 
1-6 months a f te r  i r radiat ion.  
Other studies under way concern abscopal e f fec ts ,  i . e . ,  changes that  take 
place in regions of the body remote from those being exposed t o  radiation. 
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RADIATION PROTECTION STUDIES AT THE LANGLEY RESEARCH CENTER 
J.  W .  W i  1  son ( Langl ey Research Center)  
O f  concern i n  t h i s  e f f o r t  a r e  t he  bas ic  phys ics  o f  t h e  i n t e r a c t i o n s  between 
space r a d i a t i o n  and m a t e r i a l s  and b i o l o g i c a l  systems w i t h  an aim toward 
improved methods o f  s h i e l d i n g  and m o n i t o r i n g  o f  t h e  a s t r o n a u t ' s  environment. 
Experiments on i n t e r a c t i o n  mechanisms should f a c i l i t a t e  t h e  development o f  
mathematical models o f  t h e  mechanisms. The need f o r  adequate s h i e l d i n g  i s  
compl icated by t h e  minimal we igh t  al lowance. 
The main problem t o  be i n v e s t i g a t e d  i n  t h i s  new p r o j e c t  concern: 
1) Various s h i e l d  c o n f i g u r a t i o n s  and composi t ions c a l l e d  f o r  
by t he  accumulated exposure t o  g a l a c t i c  heavy i ons  over  t he  
a s t r o n a u t ' s  career ;  
2 )  Temporary she1 t e r s  r e q u i r e d  d u r i n g  sho r t - t e rm  f l u c t u a t i o n s  
o f  t h e  o u t e r  zone r a d i a t i o n s  and d u r i n g  s o l a r  p a r t i c l e  events;  
3) P r o t e c t i o n  requi rements d u r i n g  e x t r a v e h i c u l a r  a c t i v i t y ;  
4) Rad ia t ion  doses r e l a t e d  t o  b i o l o g i c a l  and systems response; and 
5)  Re la t ionsh ips  between d b s i m e t r i c  q u a n t i t i e s  and ac tua l  doses 
rece i ved  by body organs. 
PUBLICATIONS 
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8. HUMAN BEHAVIOR A N D  PERFORMANCE 
U PN PI SHORT TITLE 
199-20-82-01 Winget Human Biorhythms 
199-20-82-02 Brady Small Group Response t o  S t r e s s  
199-20-82-03 Helmreich Crew S e l e c t i o n  Methods 
Page Intentionally Left Blank
INTRODUCTION 
Labora to ry  research, f i e 1  d  s tud ies ,  and documented 1  i f e  s i t u a t i o n s  have 
demonstrated t h a t  unusual environments o f t e n  l e a d  t o  a  d e c l i n e  i n  per-  
formance. The l a c k  o f  g r a v i t y  i s  o n l y  one o f  t h e  s t resses  t h a t  may a f f e c t  
human behav io r  and performance d u r i n g  s p a c e f l i g h t .  Others i n c l u d e  s o c i a l  
and phys ica l  i s01  a t i o n ,  confinement, desynchron iza t ion  o f  b i o l o g i c a l  rhythms, 
t he  element of  danger, and va r i ous  d i scomfo r t s  due t o  crowding and a r t i f i c i a l  
l i f e - s u p p o r t  measures. Emergency cond i t i ons ,  which would i n v o l v e  an inc rease  
i n  danger and a  concomi tant  inc rease  i n  t a s k  demand, may augment t h e  perform- 
ance decrement. 
Prev ious crew s e l e c t i o n  c r i t e r i a  employed among a  l a r g e  a p p l i c a n t  pool  i n -  
c luded s k i l l ,  mo t i va t i on ,  and courage. Sc ien t i s t -passengers ,  however, w i l l  
be chosen l a r g e l y  on t h e  bas i s  of  t h e  importance o f  t h e i r  proposed work. 
Because they  may n o t  be career  as t ronau ts ,  t h e y  would need t o  perform 
e f f e c t i v e l y  w i t h  a  r e l a t i v e l y  s h o r t  g round - t r a i n i ng  per iod .  The i d e n t i f i c a -  
t i o n  o f  s p e c i f i c  performance c h a r a c t e r i s t i c s  r e q u i r e d  t o  accompl ish space 
miss ions  i s  necessary t o  ach ieve t h i s  o b j e c t i v e .  
The program a l s o  s t r i v e s  t o  p e r f e c t  techniques f o r  m o n i t o r i n g  and p r e d i c t i n g  
performance and we l l - be ing  under s p a c e f l i g h t  cond i t i ons .  Phys io l og i ca l  
c o r r e l a t e s  o f  behav io r  a r e  sought, as a r e  those f o r  i n t e rpe rsona l  s t resses.  
Another o b j e c t i v e  i s  t o  develop p reven t i ve  o r  c o r r e c t i v e  procedures f o r  
m a i n t a i n i n g  crew we l l - be ing  and performance. The men o f  t h e  Sky lab miss ions 
r e l i e v e d  tens ions  by bouncing o f f  w a l l s  o r  t u r n i n g  somersaul ts i n  space. 
Other and more s o p h i s t i c a t e d  l e i s u r e - t i m e  a c t i v i t i e s  may c o n t r i b u t e  g r e a t l y  
t o  improved mora le  and performance e f f e c t i v e n e s s .  An i n t e r e s t i n g  observa t ion  
t h a t  may l e n d  i n s i g h t  t o  t h i s  m a t t e r  i s  t h a t  t h e  Sky lab I11 crewmembers, 
who s tayed i n  f l i g h t  f o r  t h e  l o n g e s t  d u r a t i o n  (84 days) y e t  were t he  most 
obscure t o  t h e  p u b l i c  eye, were a l s o  t h e  most c o n t r a r y  and d i f f i c u l t  t o  work 
w i t h .  Fu r the r  s tud ies  o f  c o s t  vs. rewards i n v o l v e d  i n  long- te rm space f l i g h t  
may revea l  psychosocial  s o l u t i o n s  t o  t h e  problem. 
Performance t e s t i n g  o f  b e d r e s t  s u b j e c t .  The s u b j e c t  i s  undergo ing  per formance t e s t i n g  o f  i n t e r n a l  
d e s y n c h r o n i z a t i o n  d u r i n g  b e d r e s t .  He i s  b e i n g  t e s t e d  on t h e  ATC-510, a  genera l  a v i a t i o n  s i m u l a t o r ,  
i n  f r o n t  o f  h im. 
H U M A N  BIORHYTHMS: P E R F O R M A N C E  AND P H Y S I O b O G l C A b  DECONBITIONINS I N  
WEIGHTLESSNESS 
C .  M. Winget (NASA-ARC) 
Future Shu t t l e  miss ions wi l l  undoubted1 y  r equ i re  a  staggered worklres t 
schedule. This may d i s r u p t  d a i l y  rhythms and may in turn r e s u l t  in 
de te r io ra t ion  of funct ion ,  mood, and performance in c e r t a i n  indiv iduals .  
The emphasis of  t h i s  p ro jec t  i s  t o  study the  e f f e c t s  of  the  space mission 
environment on the  s t a b i l i t y  of d a i l y  physiological rhythms and the 
maintenance of  performance c a p a b i l i t y .  
In the  study of a  small group in i s o l a t i o n ,  t r a n s i t i o n  from constant  1 i gh t  
t o  normal l i g h t l d a r k  cycles  dis turbed the  s t a b i l i t y  of d a i l y  rhythms in body 
temperature and hea r t  r a t e .  Associated with these  disturbances were in-  
creased psychosomatic complaints and de te r io ra t ed  s l  eep and performance. 
An individual  t h a t  i s  a  dominant e a r l y - r i s e r  type s i g n i f i c a n t l y  a l t e r e d  the  
biological  rhythm pa t t e rns  of  o the r  non-dominant individual s  . 
Biological rhythms tended to  d i s s o c i a t e  from each o the r  during bedres t ,  
the nature of t h i s  d i s soc ia t ion  and the  corresponding changes in perform- 
ance remaining highly va r i ab le  among ind iv idua l s .  In a  female bedrest 
s tudy,  the  amp1 i tude  of normal body temperature co r re l a t ed  s i g n i f i c a n t l y  
w i t h  the degree of individual  rbthm i n s t a b i l  i  t y .  
Research i s  continuing with t h e  study of con t ro l l ing  d a i l y  biorhythms by 
socia l  i n t e r a c t i o n .  A1 so being pursued i s  the  i d e n t i f i c a t i o n  of physiolo- 
gical  rhythmic parameters ( e . g . ,  amplitude) with which t o  predic t  and s e l e c t  
indiv iduals  most adaptable t o  the  Shu t t l e  environment. 
PUBLICATIONS 
1. Winget, C. M . ,  DeRoshia, C .  W . ,  and Sandler ,  H .  " Influences of horizontal 
hypokinesia on performance and c i rcadian  physiological rhythms i n  femal e  
humans." PHYSIOLOGIST 22:79-80, 1979. 
2 .  DeRoshia, C .  W .  and Winget, C .  M .  "Comparison of t h e  e f f e c t s  of horizontal 
and a n t i o r t h o s t a t i c  hypokinesia upon c i rcadian  rhythmici ty in ma1 e  sub jec t s .  
In: A Preliminary Report o  Ames 
Research Center, Moffett Fie1 d ,  C A ,  1979. 
3 .  Vernikos-Danellis, J .  and Winget, C .  M .  "The importance of l i g h t ,  pos- 
tu ra l  and socia l  cues i n  the regula t ion  of the  plasma c o r t i s o l  rhythm in man ." 
In: Advances in  the  Biosciences, Vol. 19: , A .  Reinberg 
and F.  Halberg, eds . ,  New York, Pergamon Press,  1979, pp 101-106, 
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SMALL GROUP PERFORMANCE AND THE EFFECTS OF BEHAVIORAL STRESS IN  A 
PROGRAMMED ENVIRONMENT 
J. V .  Brady (Johns Hopkins U n i v e r s i t y  School o f  Medic ine)  
S tud ies  t o  o p t i m i z e  human performance and s o c i a l  i n t e r a c t i o n  a r e  be ing  
conducted w i t h  smal l  groups o f  i n d i v i d u a l s  d u r i n g  c o n t i n u a l  res idence  i n  
a programmed 1 abo ra to r y .  Dysphoria, i n t e r p e r s o n a l  con f ron ta t i on ,  and 
h o s t i l i t y  toward t h e  program d i r e c t o r  a re  observed when performance r e -  
quirements a re  based on n e g a t i v e  m o t i v a t i o n a l  f o r ces  (e.g., l o s s  o f  a 
v a l  ued commodity o r  s o c i a l  i n t e r a c t i o n ) .  More p o s i t i v e  o r  appe t i  t i v e  
m o t i v a t i o n a l  i n f l  uences overcome these behav io ra l  p rob l  ems. 
Recent s t u d i e s  on t h e  e f f e c t s  on changes i n  group compos i t i on  and o rgan i -  
z a t i o n a l  s t r u c t u r e s  upon performance and s o c i a l  i n t e r a c t i o n  show t h a t  
e s t a b l i s h e d  smal l  groups r e s i s t  i n t e g r a t i o n  o f  a new member i n t o  t h e i r  
l i v i n g  and work arrangements. Hormone l e v e l s  measured d u r i n g  these exper-  
iments  r evea l  t e s t o s t e r o n e  t o  be p a r t i c u l a r l y  s e n s i t i v e  t o  changes i n  group 
composi t ion.  The d i r e c t i o n  o f  tes tos te rone-1  eve1 changes v a r i e s  w i t h  t h e  
personal  i t i e s  i nvo l ved .  
PUBLICATIONS 
1. Brady, J. V.  and Emurian, H. "Behav ior  a n a l y s i s  o f  m o t i v a t i o n a l  and 
emot ional  i n t e r a c t i o n s  i n  a programmed env i ronment . "  I n  : Nebraska 
Symposium on Mo t i va t i on ,  R. D i e n s t b i e r  and H. Howe, eds. U n i v e r s i t y  o f  
Nebraska, 1980, pp 81-122. 
2 .  Emurian, H., Emurian, C., Schmier, F., and Brady, J.  V.  "Notes on 
programmed environment research .  I' JSAS Cata log o f  Sel ec ted  Documents i n  
Psych01 ogy, 1980, pp 81-122. 
3. Emurian, H., and Brady, J .  V .  "Small group performance and t h e  e f f e c t s  
o f  cont ingency management i n  a programmed environment . " JSAS Ca t a l  og o f  
Se lec ted  Documents i n  Psychology, 9:66, 1979. 
COSTS 
The Cost-Reward Model. The model predic ts  adjustment in exo t i c  
environments. Farther t o  the  1  e f t  and above the  diagonal 1  ine 
( t h e  absolute standard by which t h e  individual compares o p t i o n s ) ,  
t he  more des i rable  i s  the  s i t u a t i o n  f o r  a  person o r  group. The 
opposi te  would be t r u e  f o r  s i t u a t i o n s  f a r t h e r  r i g h t  and below t h e  
diagonal 1 ine .  The dashed 1  ines  ind ica te  the  boundaries of  normal 
a t t a i n a b i l  i  t y  o r  to1 erance. ( I n  : Groups Under S t r e s s ,  Radloff, 
R.  & Helmreich, R. , Appleton-Century-Crofts, N . Y . ,  1968.) 
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CREW SELECTION METHODS 
R .  L .  Helmreich (University of Texas) 
Drawing on research conducted on isola ted groups, psychological fac tors  
t ha t  may a f f e c t  performance and adjustment on fu tu re  space missions have 
been analyzed. Problems include diminishing novelty and excitement, pro- 
longed i so la t ion  and discomfort,  greater  mix of crew members, more complex 
mu1 t i  purpose missions, and increased importance of work s a t i s f ac t i on  and 
1 e i sure  needs fo r  pa r t i c ipan t s .  
To t h i s  end, a  major s t ep  i s  t o  define and measure personali ty dimensions 
t h a t  a r e  expected t o  r e l a t e  to  performance and adjustment. Two personali ty 
inventories have been developed and a r e  being val idated in s i tua t ions  
analogous t o  spacefl i gh t .  In one study, these inventories predicted 
s c i e n t i f i c  performance in a national sample of Ph,D.'s. They a r e  a lso  being 
tes ted  on long-term bedrest subjects ,  both male and female, ranging in age 
from 25 t o  65. 
Other s tudies  a r e  being conducted using people in occupations analogous 
to  space crews. The re1 at ionships between work and l e i  sure s a t i s f ac t i on ,  
acceptance of i so l a t i on ,  and personali ty fac to rs  a r e  being studied among 
super tanker crews. Commercial a i r1  ine p i l o t s  a r e  being used to  study 
personali ty and group composition as  re la ted  to  crew coordination and per- 
formance, pa r t i cu la r ly  in emergerkies. The e f f e c t  of group composition on 
task performance and s a t i s f ac t i on  i s  a lso  being studied systematically.  
PUBLICATIONS 
1. Helmreich, R .  L . ,  Wilhelm, J .  A . ,  and Runge, T. E .  "Psychological 
considerations in fu ture  sDace missions." In :  The Human Factors in 
Outer Space Production. S. Cheston and D .  Winter, eds. American Association 
fo r  the Advancement of Science, Washington, D . C . ,  1980, p p  1-23. 
2 .  Helmreich, R .  L . ,  Spence, J .  T., and Holahan, 6. K .  "Physiological 
androgyny and sex-role f l e x i b i l i t y :  A t e s t  of two hypotheses." J PERSON 
SOC PSYCHOL 37 : 1631-44, 1979. 
3. Mathews, K .  A . ,  Helmreich, R .  L . ,  Beane, W .  E . ,  and bucker, G .  W .  
"Pattern A ,  achievement-striving, and s c i e n t i f i c  mer i t :  Does pattern A 
he1 p o r  hinder?" J PERSON SOC PSYCHOL 39:896-908, 1980. 
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91-01 
Scanning e lec t ron  micrograph of  lymphocytes, which a r e  the  primary c e l l s  
s tudied  f o r  c e l l u l a r  immune funct ion  i n  t h e  e a r l y  de tec t ion  of d isease  
program. 
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EARLY DETECTION OF DISEASE PROGRAM: EVALUATION OF THE CELLULAR IMMUNE RESPONSE 
B. S. C r i s w e l l  (A r i zona  Hea l t h  Sciences Center)  
Techniques a re  be ing exp lo red  f o r  t h e  e a r l y  d e t e c t i o n  and d iagnos is  o f  
r e s p i r a t o r y  i n f e c t i o n s  i n  t h e i r  p r e - c l i n i c a l ,  asymptomatic stages. A  
p ro toco l  composed o f  va r i ous  t e s t s  has been developed us ing  s tudy  groups 
o f  i n d i v i d u a l s  exposed and i n f e c t e d  w i t h  v i r a l  agents.  These t e s t s  measure 
changes i n  c e l l u l a r  immune s t a t u s  which r e f l e c t  t h e  e a r l i e s t  response o f  
t he  body t o  i n f e c t i o n .  
S p e c i f i c  t e s t s  i n c l u d e  t h e  q u a n t i t a t i v e  c l a s s i f i c a t i o n  o f  lymphocytes, f o r  
which new methodologies have been developed. S tud ies  have a l s o  been completed 
on co r t i sone -  and drug- induced immunosuppression and on lymphocyte c y t o t o x i c i t y .  
Recent ly,  base l i ne  da ta  u s i n g  t h i s  p ro toco l  were ob ta ined  f rom normal a s t r o -  
nau ts  and compared t o  non-ast ronauts  ' base1 i n e  va lues . The as t ronau ts  had 
s i g n i f i c a n t l y  lower  base1 i n e  va lues.  A  p o s s i b l e  exp lana t i on  f o r  t h i s  observed 
d i f f e r e n c e  i s  t h e  as t ronau ts '  p a r t i c i p a t i o n  i n  phys i ca l  c o n d i t i o n i n g  programs. 
Cur ren t  research i n v o l v e s  t h e  a p p l i c a t i o n  o f  t h e  pro!ocol t o  a  group o f  
i n d i v i d u a l s  undergoing exe rc i se  programs s i m i l a r  t o  those o f  as t ronau ts .  
PUBLICATIONS 
1. Wardlow, M. L., C r i s w e l l ,  B. S . ,  Southy M. A., and Defaz io ,  S. R. 
"Abnormal immunoglobulins i n  severe combined immunodeficiency -- ana l ys i s  
by immunoelectrophoresis and SDS-polyacrylamide ge l -e l ec t ropho res i s . "  
EXP HEMATOL 7  ( 3 )  : 151-61, 1979. 
2. Greenberg, B.  S., C r i s w e l l ,  B. S., S ix ,  H. R., and Couch, R. B. "Lympho- 
c y t e  c y t o t o x i c i t y  t o  i n f l u e n z a  v i r u s - i n f e c t e d  c e l l  s  -- response t o  vacc ina t i on  
and v i r u s - i n f e c t i o n  . INFEC IMMUN 20(3) :640-45, 1978. 
SULFUR VOLATILES 
Chromatogram p r o f i  1 e s  o f  normal and d i a b e t i c  i n d i v i d u a l  s . 
( A )  Comparison o f  u r i n a r y  vol a t i  1 e o r g a n i c  compounds. 
( B )  Comparison o f  u r i n a r y  v o l a t i l e  o r g a n i c  s u l  f u r  compounds. 
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ANALYSIS OF VOLATILE METABOLITES IN BIOLOGICAL FLUIDS AS INDICATORS O F  
PRODROMAL DISEASE CONDITIONS 
A .  Zl a tkis  (University of Houston, Central Campus) 
One of the premises of molecular medicine i s  tha t  every disease i s  associated 
with a change in the metabolic processes of the normal body resulting in a 
chemical change. Profiles of such changes in body fluids are used t o  identify 
chemical markers character is t ic  of viral infection and t o  predict suscepti- 
bil i ty to viral infection in heal thy individuals. 
Highly sensit ive gas chromatographic techniques using only micro1 i t e r s  of 
sampl e f l  uids have been developed. The complex chromatograph profi 1 es are 
analyzed by computers to  different iate  between normal and virus-infected 
serum using a "two peak r a t io  method." 
Capillary gas chromatographic profiles for 36 serum samples from 12  males 
voluntarily exposed to influenza virus were analyzed. The pattern of four 
peaks in the chromatograms provided the basis for a diagnosis of a viral 
infection (87% correct)  and the prediction of virus suscept ibi l i ty  in a 
normal population prior to exposure. Viral exposure t r i a l s  with mice in- 
dicate that t h i s  analytical approach easi ly  distinguishes between infected 
mice and normal ones. 
t 
Future studies will increase the sample s izes  of both humans and mice. Gas 
chromatography/mass spectroscopy will be used t o  identify the substances in 
the serum responsible for the four peaks in the viral diagnosis. 
PUBL I CAT1 ONS 
~ 
1. Poole, C .  F., Zlatkis,  A . ,  Sye, W .  F . ,  Singhawangcha, S . ,  and Morgan, 
E .  0. "The determination of steroids with and without natural electrophores 
by gas-chromatography and electron-capture detection. " LIPIDS 15(9) : 734-44, 
1980. 
2 .  Zlatkis,  A . ,  Lee, K .  Y.,  Poole, C .  F., and Holzer, G .  "Capillary column 
gas chromatographic profile analysis of vola t i le  compounds in sera of normal 
and virus infected patients." J CHROMATOGR BIOMED A P P L  163:125, 1979. 
3. Zlatkis,  A . ,  Brazell, R . ,  Bafus, D .  A . ,  and Spencer, P .  S. "Volatile 
metabolites in sera of normal and diabetic patients." J CHROMATOGR 
BIOMED APPL 182:137, 1980. 
Page Intentionally Left Blank
DECOMPRESS ION SICKNESS SUSCEPPIBILI TY 
D. J .  Horrigan, J r .  (NASA-JSC) 
Plans for the Shuttle program and future space ef for t s  include extravehicular 
ac t iv i ty  for crewmembers to  work on the assembly and maintenance of s a t e l l i t e s  
and other orbiting devices. I t  i s  necessary t o  protect such space workers 
against "the bends." 
A quantitative assessment of individual suscepti bil i  ty i s  a  key in providing 
protection, which can take the form of selected cabin and unit pressure 
combinations and "pre-breathing" oxygen to remove nitrogen gas from the body. 
The quantitative assessment woul d invol ve an index of physiological correl a tes  
including age, sex, 1 ean-to-fat r a t io ,  exercise, and effectiveness of iner t  
gas el imination. 
The present task consolidates existing data on the above factors from the 
sc ien t i f ic  1 i  terature  and from NASA operational experience and in-house 
laboratory studies into a  format sui table  for computer analysis. New data 
from crewmembers will enable the comparison of a  given individual with the 
astronaut and general populations as to the degree of protection required 
in space. 
PUBLICATIONS 
1. Horrigan, D. J . ,  J r . ,  and Waligora, J .  M .  "The development of effective 
procedures for the protection of Space Shuttle crews against decompression 
sickness during extravehicular ac t iv i t i e s . "  Proc. Aerospace Med. Assoc. 
Sci . Mtg. ,  May 1980. 
WHOLE-BODY ALGORITHM 
1 - - Blood flow to head Cardlac output Carddovascular model I Thcrrnoregulatory 
* 
Resljny O2 rwulrenlenl  
Funct~ons: t Resp~ralory n~odel  I model 
I Oxyyen uptake . 0 Exercise Blood flow to head * - Funct~ons: i Functions. Muscle blood flow . 1111 ergometry O x y ~ e n  uptake 0 C02 mhalation 4 
Trunk blood flow . Resp~ralory frequency 0 Hypoxia I @ Thermal 
I Sktn blood flow . 1111 
I I - I 
L - - - - - - - - - - - - - 
Short term 
SIMULATION OF COMPOSITE 
SKYLAB MISSION 
Long term 
Circulatory, f l u ~ d ,  and I electrolyte control model 
Funclions: 
F lu id  balance and d~slr ibut lon 
Electrolyte concentrations 
0 Circulatory slatus 
PHYSIOLOGICAL EFFECTS DURING 
HYPOGRAVIC STUDIES 







DISTURBANCES I N  CARDIOVASCULAR, RENAL, HORMONAL, I AUTONOMIC AND BIOCHEMICAL SYSTEMS 
PHYSIOLOGICAL SYSTEMS ANALYSIS 
R. J .  White (MATSCO) 
An i n t e r d i s c i p l i n a r y  approach i s  taken which i n v o l v e s  a  s e t  o f  mathemat ical  
models capable  o f  s i m u l a t i n g  a  number o f  p h y s i o l o g i c a l  subsystems. 
A  ma jo r  o b j e c t i v e  t h a t  was ach ieved i s  t h e  i n t e g r a t i o n  o f  severa l  models i n t o  
a  1 a r g e r  "whol e-body a1 g o r i  thm. " The whol e-body a1 g o r i  thm was designed t o  
examine many d i f f e r e n t  p h y s i o l o g i c a l  systems d u r i n g  a  s i m u l a t i o n  o f  l ong-  
d u r a t i o n  s p a c e f l  i g h t .  
Each p h y s i o l o g i c a l  subsystem appears t o  have i t s  own t i m e  course o f  adapta- 
t i o n  and may be viewed as a  t y p e  o f  c o n t r o l  system o p e r a t i n g  w i t h  n e g a t i v e  
feedback t o  r e s t o r e  s t a b i l i t y  f o l l o w i n g  a  d i s t u r b a n c e .  
PUBLICATIONS 
1. Kimzey, S. L., Leonard, J.  I., and Johnson, P. C .  "A mathemat ica l  and 
exper imen ta l  s i m u l a t i o n  o f  t h e  hemato log ica l  response t o  we igh t lessness . "  
ACTA ASTRONAUTICA 6:1289-1303, 1979. 
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DIAGNOSIS OF PRE-CLINICAL VIRAL ILLNESS 
J .  G .  Til les (California College of Medicine, Irvine Medical Center) 
Individuals who appeared perfectly health a t  launch time may exhibit 
symptoms of acute viral  i l lness  in f l i gh t .  This problem may be resolved 
i f  pre-clinical viral  i l lness  can be diagnosed while the individual i s  
s t i l l  on Earth. A possible approach, being investigated in th is  research 
project, i s  to detect low levels of interferon tha t  might be produced 
naturally during the incubation period. 
The sens i t iv i ty  of the standard bioassay for  interferon has been enhanced 
through the use of polycations, aged ce l l s ,  sensit ive s t ra ins  of cell  and 
virus, and control of assay conditions. In addition, a sensit ive microassay 
and a rapid leukocyte assay have been developed. A radioimmunoassay for 
interferon i s  a1 so being developed. 
The work has been complicated by the identification of s ix  different  human 
interferons. Physical -chemical, immunological, and biological differences 
among these interferons have been documented. 
Future plans include the use of the various assays to detect interferon 
in specimens taken from patients throughout the course of clinical i l lness  
and from their  contacts before cjinical symptoms develop. 
PUBL I  CAT1 ONS 
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I 
FACTORS REGULATING CARBOHYDRATE METABOLISM I N  SIMULATED WEIGHTLESSNESS I 1 
C. B .  Do1 kas (Veterans A d m i n i s t r a t i o n  H o s p i t a l  , Palo A1 t o )  
Prev ious s t u d i e s  have c l e a r l y  e s t a b l i s h e d  t h a t  d u r i n g  pro longed bedres t  
t he  body develops a  s t a t e  o f  i n s u l i n  r e s i s t a n c e .  Th is  s t a t e  i s  a l s o  p resen t  
i n  a  number o f  c l i n i c a l  a b n o r m a l i t i e s  such as d iabe tes ,  uremia, obes i t y ,  
e t c .  
Th i s  phenomenon o f  i n s u l i n  r e s i s t a n c e  has been d u p l i c a t e d  i n  l a b o r a t o r y  
r a t s ,  where i t  has been shown t o  i nc rease  w i t h  age. It i s  e n t i r e l y  p o s s i b l e  
t h a t  w i t h  r e t u r n i n g  Space S h u t t l e  t r a v e l e r s ,  who may be o l d e r  and l e s s  
cond i t i oned  than p rev ious  as t r onau t s ,  t h e  p e r s i s t e n t  i n s u l i n  r e s i s t a n c e  
woul d  p reven t  t h e i r  f u l l  r ecove ry .  
I n  r a t s ,  exe rc i se  t r a i n i n g  and c h r o n i c  c e n t r i f u g a t i o n  p reven ts  i n s u l i n  
r e s i s t a n c e .  A1 so i n  e x e r c i s e - t r a i n e d  r a t s ,  t h e  ske l  e ta1  muscle ( a  s u b s t a n t i a l  
consumer o f  g lucose)  i s  t h e  p r ima ry  s i t e  o f  t h e  enhanced i n s u l i n  s e n s i t i v i t y ,  
w h i l e  t h e  l i v e r  i s  l e s s  respons ive  t o  i n s u l i n .  
The e f f e c t s  o f  d i e t  on these  phenomena a r e  be ing  s t u d i e d .  
PUBLI CATIONS 
1. Mondon, C. E. and Do1 kas, C. 8 .  "Enhanced g lucose  uptake and i n s u l i n  
s e n s i t i v i t y  i n  s k e l e t a l  muscle f rom e x e r c i s e - t r a i n e d  r a t s  a t  r e s t . "  
DIABETES 28:381, 1979. 
2. Mondon, C., Economos, A., and Dolkas, C .  B. "Evidence f o r  muscle a c t i v i t y  
f a c t o r  i n  lymph o f  spontaneously exe rc i sed  r a t s  ." CLIN RES 28:82, 1980. 
3. Mondon, C.  E., Dolkas., C.  Bay and Reaven, G. M. " S i t e  o f  enhanced i n s u l i n  






Effec t  of y - in t e r f e ron  on S .  typhimurium i n f e c t i o n .  Above: Mice 
were pre- t rea ted  w i t h  i n t e r f e r o n  i n j e c t i o n s  from day -4 f o r  f i v e  
days, The bacterium was in j ec t ed  on day 0 .  Note a s i g n i f i c a n t  
e f f e c t  of i n t e r f e r o n  on the  survival  of i n fec t ed  mice. Below: 
Mice were in fec t ed  and b e g a ~  treatment  on day 0 .  Treatment con- 
t inued t o  day 4. Note t h a t  t rea tment  had no s i g n i f i c a n t  e f f e c t  
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EARLY DISEASE SUSCEPTIBILITY WITH INTERFERON 
A. D. Mandel (NASA-ARC) 
Studies t o  date have concentrated on the  r o l e  o f  i n t e r f e r o n  i n  res i s tance  
t o  disease. I n t e r f e r o n  can regu la te  immune responses, a c t i v a t e  na tu ra l  
k i l l e r  c e l l s ,  and modulate t he  expression o f  t i s s u e  ant igens on lymphoid 
c e l l  s, a1 1  i n  a  mouse model . 
O f  s p e c i f i c  i n t e r e s t  i s  Type I 1  i n t e r f e r o n ,  a  new type  o f  i n t e r f e r o n  t h a t  
i s  produced as p a r t  o f  t he  immune response and i s  much more e f f e c t i v e  i n  
these a c t i v i t i e s  than i s  t he  c l a s s i c a l  Type I i n t e r f e r o n  s tud ied  elsewhere. 
Follow-up on these i n i t i a l  s tud ies  shows t h a t  pret reatment  o f  mice w i t h  
Type I 1  i n t e r f e r o n  makes these mice more r e s i s t a n t  t o  i n f e c t i o n  w i t h  t he  
pathogen Salmonel 1 a  typh imur i  um. 
I n i t i a l  s tud ies  w i t h  human i n t e r f e r o n  suggest t h a t  t he re  may be some 
genet ic  c o n t r o l  over  an i n d i v i d u a l ' s  response t o  i n t e r f e r o n .  This may 
eventual 1y  prove use fu l  i n  se l  e c t i n g  candidates f o r  spacefl i ght  . A1 t e r a -  
t i o n s  i n  i n t e r f e r o n  produc t ion  o r  a c t i o n  may a l s o  prove useful as an 
i n d i c a t o r  o f  i n f e c t i o n .  
Future s tud ies  w i l l  i n v o l v e  the  e f f e c t s  o f  s imulated s p a c e f l i g h t  on 
i n t e r f e r o n  response o f  mice and r a t s .  
PUBLICATIONS 
1. Parker, M. A., Mandel, A. D., and Sonnenfeld, G. "Modulat ion o f  t h e  
human i n  v i t r o  an t ibody  response by human leukocy te  i n t e r f e r o n . "  FED PROC 
3 9 : 1 1 6 z  1980. 
2. Sonnenfeld, G. and Merigan, T. C. "A r e g u l a t o r y  r o l e  f o r  i n t e r f e r o n  
i n  immunity." ANN NY ACAD SCI 332:345, 1979. 
3. Sonnenfeld, G . ,  Mandel, A. D., and Merigan, T. C. "Time and dosage 
dependence of immunoenhancement by murine type I 1  i n t e r f e r o n  preparat ions."  








Left :  Fluorescence Activated Cell 
S o r t e r  (FACS) ana lys i s  of  serum 
from mice in which t h e  monoclonal 
antibody-producing hybridoma Tumor 
1-50 grew a s  an ant ibody-secret ing 
tumor. (A) Human peripheral T c e l l s ,  
pur i f ied  by r o s e t t i n g  with sheep 
- erythrocytes ;  normal mouse serum 
used a s  con t ro l .  (B) Lack o f  
r e a c t i v i t y  of  Tumor 1-50 aga ins t  B- 
c e l l  containing peripheral  1 eukocyte 
population. 
Tumor 1-50 
Normal House Serum 
Fluorescence Intensity 
Right: Autoradiogram of two- 
dimensional ge ls  of imm nopre- 3! c i  pi t a t e d  e x t r a c t s  of S-methi - 
oni ne-1 abel ed human peri  pheral 
T c e l l s .  (Gel A )  P rec ip i t a t ed  
with normal mouse serum. (Gel B 
P rec ip i t a t ed  with monoclonal 
a n t i  -T-cell  subpopul a t ion  
a n t i  body. 
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STUDIES WITH B-  A N D  T-CELL HYBRIDOMAS 
R .  A .  Goldsby (Universi ty of Maryland) 
Surface propert ies of  human mononucl ea r  1 eukocytes a r e  of great  i n t e r e s t  
because they iden t i fy  funct ional ly  d i f f e r en t  populations of c e l l s  in the 
immune system. One of the two major c lasses  of lymphocytes, T c e l l s ,  i s  made 
u p  of d i sc re te  subpopulations. Each subpopulation conducts a number of 
immunologic functions i n  c e l l  -mediated lymph01 ys i  s and humoral and ce l l  - 
mediated immune responses. A major focus of t h i s  research i s  the  construction 
and characterizat ion of antibody-producing hybridomas, which sec re te  mono- 
cl onal an t i  bodies f o r  human T-cell subsets .  
One such hybridoma, Tumor 1-50, i n t e r ac t s  w i t h  T c e l l s  but not B c e l l s .  
Further work has shown t h a t  t h i s  monoclonal antibody spec i f i ca l ly  recognizes 
a subpopulation which comprises only one-third of  peripheral T c e l l s .  
PUB L I CAT1 ONS 
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Meinke 
92-09 
Flow c y t o f l  uo rome t r i c  d e t e c t i o n  o f  Eps te in -Bar r  v i r a l  rep1 i c a t i o n .  
F luorescence /ce l l  i s  dep i c t ed  on t h e  h o r i z o n t a l  a x i s  w h i l e  t h e  co r res -  
ponding number o f  c e l l s  demons t ra t ing  a  p a r t i c u l a r  f l u o r e s c e n t  con ten t  
i s  dep i c t ed  on t h e  v e r t i c a l  a x i s .  I n  (A) t o  (C),  t h e  lower  (nonh igh l igh ted)  
p r o f i l e  i s  a  h is togram o f  t h e  DNA c o n t e n t  i n  a  895-8 c e l l  p o p u l a t i o n  24 h r s  
a f t e r  a  downsh i f t  i n  incuba t ion - tempera tu re  f rom 37 t o  330C. The upper 
( h i g h l i g h t e d )  p r o f i l e  r ep resen t s  t h e  DNA con ten t  48 h r s  (A) ,  72 h r s  ( B ) ,  
and 96 h r s  ( C )  a f t e r  t h e  downsh i f t  i n  temperature.  Note t h e  changes t o  
g r e a t e r  DNA con ten t  p r o f i l e s  e s p e c i a l l y  e v i d e n t  a t  48 and 96 h r s  a f t e r  
t h e  downsh i f t .  
AUG 1980 
CYTOFLUOROMETRIC A N A L Y S I S  O F  V I R A L  I N F E C T I O N S  
W .  J .  Meinke (Universi ty of Arizona School of Medicine) 
Flow microfl uorometry (FMF) permits the  quant i ta t ive  analysis  of ce l l  popula- 
t ions  t ha t  have been stained w i t h  a  f luorescent  dye spec i f i c  fo r  a c e l l u l a r  
component. FMF analyses have demonstrated a marked abi l  i t y  t o  detect  c e l l u l a r  
changes which may be highly diagnostic in infect ious  diseases.  
Eucaryotic c e l l s  which were variously infected with a type of herpes simplex 
virus were stained w i t h  mithramycin and subsequently examined. FMF analys is  
detected vi ra l  repl i ca t ion  within the l y t i c a l  l y  infected ce l l  population; 
low 1 eve1 s of repl ica t ion were a1 so detected in pe rs i s t en t ly  infected ce l l  s .  
FMF p rof i l e s  corre la ted s i gn i f i c an t l y  with morphological observations of 
infected cul tures .  
In future s tud ies ,  ident ica l  cu l tu res  of se lected ce l l  1 ines will be infected 
w i t h  ten pathologically important v i ra l  groups .' A t  regular  in te rva l s  follow- 
ing infect ion,  the infected ce l l  populations will be examined by FMF and 
compared with uninfected populations. 
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NUTRITIONAL CONTROL OF NEUROTRANSMITTERS 
R. 3. Wurtman (Massachusetts I n s t i t u t e  of  Technology) 
I n v e s t i g a t o r s  have found t h a t  c e r t a i n  d i e t a r y  substances a f f e c t  t h e  
syn thes is  o f  neu ro t ransm i t t e r s  i n  autonomic and b r a i n  neurons. Food 
consumption may change t he  plasma 1  eve1 s  o f  cho l  i n e l l  e c i  t h i n ,  t ryptophan,  
and t y ros ine ,  which may i n  t u r n  a f f e c t  a c e t y l  cho l  ine ,  norephinephr ine,  
and se ro ton in .  
A t t e n t i o n  i n  t h i s  e f f o r t  has been g iven  t o  t y r o s i n e ' s  and t r yp tophan ' s  
e f f e c t s  on b lood  pressure, t h e i r  e f f e c t s  and t h a t  o f  l e c i t h i n  on a l e r t n e s s  
and performance i n  normal i n d i v i d u a l s ,  and t o  n u t r i e n t  e f f e c t s  on t r ans -  
m i t t e r s  assoc ia ted  w i t h  memory. Accomplishments i n c l u d e  new f i n d i n g s  on 
t he  mechanisms by which t y r o s i n e  and t ryp tophan l owe r  b l ood  pressure i n  
hyper tens ive  r a t s  and t h e  obse rva t i on  t h a t  t y r o s i n e  r e l i e v e s  depress ion and 
Park inson 's  disease i n  humans. Another i n t e r e s t i n g  d i scove ry  i s  t h a t  whereas 
carbohydrate i n g e s t i o n  s t i m u l a t e s  s e r o t o n i n  syn thes i s  i n  t h e  b r a i n  o f  normal 
r a t s ,  i t  does n o t  do so i n  d i a b e t i c  r a t s .  
*Future work w i l l  exp lo re  f u r t h e r  t h e  a b i l i t y  o f  t r y o s i n e  and t ryp tophan t o  
l owe r  b lood  pressure i n  hyper tens ive  humans and t h e  mechanisms o f  t h i s  
e f f e c t  i n  r a t s .  The use o f  t y r o s i n e  t o  t r e a t  Park inson 's  d isease and de- 
p ress ion  and t h e  a b i l i t y  o f  c h o l i n e / l e c i t h i n  t o  improve memory w i l l  a l s o  be 
i n v e s t i g a t e d .  4 
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ADVANCED RESEARCH I N  BIOMEDICAL IMAGE PROCESSING 
R. H. Sel zer (JPL-CIT) 
The u l t i m a t e  goal o f  t h i s  research i s  t o  develop methods t o  de tec t  and 
assess l a t e n t  card iovascu lar  disease. The p r o j e c t  invo lves  inducing a r t e -  
r i a l  disease i n  animals and measuring pressure and f l o w  i n  the  diseased 
a r t e r i e s .  Bench f l o w  t e s t s  w i t h  s imulated vessels made from a r t e r i a l  casts 
a re  a l so  conducted, w i  t b  computer modeling and s imu la t i on  o f  the flow. Ar te -  
r i a l  f l o w  res i s tance  may be a major f a c t o r  i n  t he  assessment o f  card iac  r i s k  
fo r  i n d i v i d u a l s  w i t h  e a r l y  a r t e r i a l  disease who a r e  subjected t o  h igh  s t ress .  
Another research e f f o r t  uses automated l i g h t  microscope imaging techniques 
t o  analyze muscle and bone changes associated w i t h  zero g r a v i t y .  I n  r e s u l t s  
from muscle f i b e r s  from r a t s  flown on Cosmos 1129, t h e  slow f i b e r s  showed 
more spacef l igh t - induced s i z e  l o s s  than f a s t  f i b e r s .  The p ropo r t i on  o f  slow 
f i b e r s  was a l so  lower i n  t he  f l i g h t  groups, suggest ing spacef l ight- induced 
f i b e r  type conversion from slow t o  fast .  
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AN IMPROVED MEDICAL ULTRASOUND IMAGING SYSTEM 
J.  D. Hestenes (JPL-CIT) 
The objective of t h i s  task i s  t o  develop methods fo r  the  extraction and 
analysis  of physiological features  from ultrasound images using dog a r t e r i a l  
and cardiac systems. Under examination a re  radial  motion, contraction,  wall 
bending, and boundary delineations which a r e  required for  physiological 
description . 
Improvements i n  image resolution and extraction of physiological features 
have been made. A real-time video buffer system successfully produces mosaic 
images of the  heart  a t  selected times of the  cardiac cycle. A data acquisi- 
t ion system allows for  the  on-si te control of the qua l i ty  of ultrasound 
images recorded on video. The implementation of video discs  eliminates 90 mm 
film media and permits d i r ec t  video methods. Real -time software development 
i s  continuing. 
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